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TRAN TRONG MINH 


GIAO TRINH 

DIEN Tlf CONG SUAT 

■ 

Sack dung cho cdc trUdng ddo too he Trung hoc chuyen nghiep 

(Tdi ban Ian thtihai) 



NHA XU AT BAN GIAO DgC 



L6l GlCfl THIEU 


Viec to chut bien soan vd xud't ban mdt so'gido trinh phuc vu cho ddo 
tao cdc chuyen ngdnh Dien - Dien tit, Cokhi - Dong luc 6 cdc trudng THCN 
- DN la mot sued gang Ion cua Vu Trung hoc chuyen nghiep - Day nghe vd 
Nha xuat ban Gtao due nhdm titng bude thd'ng nhd't noi dung day vd hoc a 
cac t? ucfng THCN tren todn quoc. 

Not dung cua gido trinh da dupe xdy dung tren co so ke thita nhitng noi 
img dupe gtang day a cdc trudng, ket hep vdi nhitng noi dung moi nhdm 
dap mg yeu can ndng cao chat lupng ddo tao phuc vu su nghiep edng 
g uep hoa. hen da, hoa. De citong cua gido trinh da duoc Vu Trims hoc 
chuyen nghiep - Day nghe than, khdo y kieh cua mot so'trudng nhu: Trudng 
Cao dang cong nghiep Hd Noi, Trudng TH Viet - Hung, Trudng TH Cong 
nghiep II, Tutong TH Cong nghiep III v.v... vd da nhdn duoc nhieu y kieh 
the, thuc, giup cho tdc gid bien soan phi, hop hon. ' 

Giao trinh do cdc nha gido co nhieu kinl, nghiem gidng day d cdc trudng 
pi hpc.Cao dang, THCN bien soan. Gido trinh duoc bien soan ngdn gon 
de hieit, bo sung nhieu kien thitc mdt vd bien soan theo quan die’m md, nghia 
a, de cap nhung noi dung co bdn, cot ye'u deputy theo tinh chat cua cdc 
nganh nghe dao tao md nhajntdng t,/dieu chinh cho thick hop vd khdng 
t, at vai c/uy dinh cua chtrong trinh khttng ddo tao THCN. 

Tuy cac tdc gid da co nhieu cd'gdng khi bien soan, nhitng gido trinh chdc 
khong tra„k kho, nhitng khiem khuyet. Vu Trung hoc chuyen nghiep - Day 
nghe de nght cac tntong sit dung nhitng gido trinh xud't bdn tdn nay di bS 
sung cho ngtidn gido trinh dang rat lined Men nay, nhdm phuc vu cho viec 
ay va hoc cua cac tntong dqt chat htpng cao hon. Gido trinh nay ding rd't 

bo tch do, vox dpi ngu ky thudt vien, cong nhdn ky thud, de ndng cao kii'n 
thuc va tay nghe cho mink. 

Hy vqng nhdn dupe sit gop y cua cdc trudng vd ban doc de nhitng gido 
it inh ditoc bien soan ne'p hope tdn tdi bdn sau co chat litong tot hon Moi 
gop y xin gut vi Nha xudt bdn Gido due - 81 Tran Hung Dao - Hd Ndi ' 


Vu THCN-DN 



Md DAU 


Gido trinh Dien tu: cong suat duoc bien soqn theo de citcmg do Vu 
THCN - DN, Bo Gido due vd Dao tao xay ditng vd thong qua. N-oi dung 
duoc bien soqn theo tinh than ngan gourde hieu. Cdc kien thitc trong loan 
bo gido trinh to moi lien he Id gic chat che. Tuy vdy, gido trinh co mite dich 
chinh Id gidi thieu nhitng van de co ban nhat vd chi Id mot phan trong noi 
dung cita chuyen nganh dao tao cho nen ngitdi day, ngitdi hoc can tham 
khdo them ede gido trinh co lien quan ddi vdi nganh hoc de viec sit dung 
gido trinh co hieu qua hon , 

Khi bien soqn gido trinh, cluing toi da t o gang cap nhat, nhung kien thitc 
nidi co lien quan den mon hoc vd pin) hop vdi doi tuqng sit dung cung nhitcd 
gdng gan nhitng noi dung ly thuyet vdi nhitng van de thitc te tlutdng gap 
trong sdn xuait, ddi song de gido trinh co tinh thitc tiin cao. 

Noi dung ciia gido trinh ditqc bien soqn vdi dung htong 45 tiet, gom: 

Chitong 1: Cac phdn tit ban dan cong suat; Chitong 2: Chinh hat; 
Chuong 3: Van de chuyen mqch vd nghich hat phu thude; Chitong 4: Cdc bo 
bien ddi xung; Chitong 5: Nghich hat doc lap; Chuong 6: Cdc bo bien tan; 
Chitong 7: He thdng dieu khien cdc bo bien ddi. On tap vd kiem tra. 

Trong qua trinh sit dung, tuy theo yeu cdu cu the co the dieu chinh so tiet 
trong mdi chuong. Trong gido trinh, chitng toi khdng de ra noi dung thitc tap 
cita titng chitong, vi trang thiet bi phuc vu cho thitc tap cua cdc tritdng khdng 
dong nhat. Vi vay, can cit vdo trang thiet bi da co cua titng tritdng vd kha 
ndng td chitc cho hoc sinh thitc tap d cdc xi nghiep ben ngodi md tritdng xay 
dung thdi htong vd noi dung tlutc tap cu the . Then luong thitc tap toi thieu 
noi chung cung khdng it hon thdi htong hoc ly thuyet cua moi mdn. 

Gido trinh dupe bien soqn cho ddi titong la hoc sinh THCN , cong nhdn 
lanh nghe bac 317 vd no cung la tai lieu tham khdo bo ich cho sinh vien Cao 
dang ky thuqt cung nhu Ky thudt vien dang lam viec d cdc co so kinh te cita 
nhieu ITnh vitc khac nhau. 

Mac dit da co gdng nhung chac chan khdng< (rank khoi hei khiem khuyei. 
Rat mong nhqn duoc y kien dong gop ciia ngitdi dung de Ian tai ban sau 
duoc hoan chinh hem. Moi gop y xin ditoc giti ve Nha xuat ban Gido due - 81 
Tran Hitng Dao, Ha Noi. 

Tac gia 
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Chucmg 1 

CAC PHAN TtT BAN DAN CONG SUAT 


Dien tir cong suit la gi ? 

Dien tu cOng suit la mdt chuyen nganh cua ky thu|t dien tu nghien cPu 
va Png dung cac phan tu ban din cong suit trong scf do cac bo bien doi nhlm 
bien ddi va khong che ngu6n nang lupng dien vpi cac tham so khPng thay 
doi dupe thanh nguon nang luong dien vpi cac tham so co the thay doi dupe, 
cung clp cho cac phu tai dien. Nhu vay cac bp bien doi ban din cong suat la 
doi tupng nghien cPu co ban cua dien tP cong suat. Trong cac bp bien d6i 
cac phln tu ban din c6ng suit dupe sir dung nhu nhtfng khoa ban din, con 
goi la cac van ban din, khi md din dong thi noi tai vao nguon, khi khoa thi 
khong cho dong dien chay qua. Khac voi phan tu co tiep diem, cac van ban 
dan thuc hien dong clt cac dong dien ma khong gay nen tia lira dien, khong 
bi mai mon theo thdi gian. Tuy co the dong cat cac dong dien Ion nhung cac 
phan tu ban dan cong suat lai dupe dieu khien boi cac tin hieu dien cong suat 
nho, tao bdi cac mach dien tu c6ng suit nho. Quy lu|t nPi tai vao nguon phu 
thuoc vao so d6 cua cac bp bie'n doi va phu thuoc vao each thuc dieu khien 
cac van trong bp bien doi. Bing each nhu vly qua trinh bien d6i nang lupng 
dupe thuc hipn veri hieu suat cao vi ton thlt trong bp bi€n doi chi la ton that 
tren cac khoa dien tir, khong dang ke so vpi c6ng suit dien clri bien d6i. 
Khong nhung dat dupe hieu suit cao ma cac bp bien d6i con co kha nang 
cung cap cho phu tai ngu6n nang lupng vpi cac dac tmh theo yeu clu, dap 
Png cac qua trinh di^u chinh, dieu khien trong mpt thPi gian ngln nhat, vpi 
chat lupng phu hop trong cac he thong tu dong hoac tu dpng hoa. Day la dac 
tmh cua cac bp bie'n doi ban din cong suit ma cac bp bi£n dpi co titfp diem 
hoac kieu dipn tu khPng the co dupe. 

VPi doi tupng nghi£n curu la cac bp bien d6i ban din cPng suit. Dien tu 
cong suit con co ten goi la "Ky thult bien d6i dien nang”. De phan biet voi 
cac chuy6n nganh khac cua ky thult dien tir lien quan den qua trinh xu ly 
tin hieu vpi mPc dien ap thlp va dong dien nho, dien tu cong suat con dupe 
goi la Ky thult dong dien manh". Tuy nhien dien tP cPng suit cung 
nghien cuu cac so d6 mach dieu khien cac van ban dan cPng suit blng cac 
phln tu ban din cong suit nho, vi v|y cac ten goi tren day chi phan anh 



m6t phln pham vi nghien curu trong llnh vuc nay va vide dung ten goi nao 
chi co y nghla tuong doi, tuy thudc thoi quen cua moi ngudi. 

Dien tu c6ng suit duac urng dung rdng rai trong hau het cac nganh c6ng 
nghidp hien dai. Co ihi ke ra cac nganh ky thuat ma trong do co nhung urng 
dung tieu bidu cua cac bo bidn doi ban din cong suat nhu truyen dong didn 
tu dong, giao thdng ducmg sit, nfiu luyen thep, gia nhidt cam ung, didn phan 
nhom tur quang mo, cac qua trinh didn phan trong cong nghtep hoa chat, 
trong rat nhidu cac thiet bi cong nghiep va dan dung khac nhau... Trong nhtfng 
nam gan day cong nghe che tao cac phdn tu ban dan cong suit da co nhflng 
tien bo vuat bac va ngay cang trd nen hoan thien dan den viec che tao cac bd 
bien doi ngay cang gon nho, nhidu tinh nang va sur dung cang dd dang han. 

Trong thuc te cac bo bidn doi duac che tao rat da dang. De co the hieu 
duac va phan rich nguyen ly lam viec cua cac bo bien doi, trudrc het ta tim 
hidu cac phan tu ban dim c6ng suit. 

Cac phan tu ban din cong suat duac sir dung trong cac bo bidn doi co 
nhung dac tinh ca ban chung, do ia: 

• Chi lam viec trong che dd khoa, khi md cho dong chav qua thi co didn 
tro tuong ducfng rat nho, khi khoa thl dien tro tucfng duang rat Ion. 
Nhd do i6n hao cong suat trong qua trinh lam vide duac tinh blng tich 
cua dien ap roi tren phan tir vdi dong dien chay qua se co gia tri rat 
nho. 

• Cac phln tur ban dan chi dan dong theo mot chidu khi phan tu duac dat 
dudi didn ap phan cue thuan. Khi dien ap dat len phln tur la phan cue 
nguac, dong qua phan tu chi co gia tri rat nho, cd mA, goi la dong ro. 

Cac phln tir ban dan cong suat duac phan loai la: 

• Kh6ng didu khidn, vi du nhu didt, 

• Co didu khi&i, trong do lai phan ra thanh : 

- Dieu khien khdng hoan toan nhu: thyristor, triac, 

- Dieu khien hoan toan nhu: transistor, GTO, IGBT, MOSFET. 

1.1. Didt 

Didt la phan tiif ban dan clu tao bdi mdt 16p tiep giap p-n. Didt co hai cue, 
anot A la cue noi voi ldp ban din kieu p y catot K la cue noi vdi ldp ban dan 
kidu n . Dong dien chi chay qua diot theo chieu tir A dtfn K khi didn ap U AK 
duong. Khi U AK am dong qua didt gin nhu bang khong. 


Didt dUdc che tao til tinh the ban din Silic (Si) thuoc nhom IV cua bang 
tuln hoan cac nguyen ttf hoa hoc. Clu tao va ky hieu tren so 66 cua mot didt 
duoc the hien tren hinh 1.1. 

1.1.1 . Cau tao va ky hiiu cua didt 

Tren tinh the silic, blng cdng nghe 
khuech tan duoi nhiet do va ap suit 
thich hop mot iuong nhat dinh cac 
nguy6n tir thuoc nhom V (co 5 dien tu 
d ldp ngoai cung), ngudi ta tao ra idp 
ban din kieu tu trong do trong cau true 
mang tinh the g6m 4 dien tu hoa tri 
cua silic se co cac nut bi thira ra mot 
dien tu, nghla la ldp n se giau cac 
electron tu do, hay cac hat mang dien 
tich Cung tren cung tinh the ban din silic do cho khuech tan duoi nhiet 
do va ap suit thich hop mdt luong nhat dinh cac nguyen tu thuoc nhom III 
(co 3 dien tir 6 ldp ngoai cung), ngubi ta tao ra Icfp ban din kieu />, trong do 
trong clu true mang tinh the gom 4 dien tir hoa tri cua silic se co cac nut bi 
thieu mot dien tir, tao thanh cac ion duong vdi dien tich duong. Ldp p va ldp 
n ke sat nhau tao thanh mot tiep giap />//. 6 nhiet do moi trudng, do chuyen 
dong nhiet cac dien tir tu do se khuech tan sang vung p va bi trung hoa bdi 
cac ion duong tai day. Do cac dien tich trong vung tiep giap tu trung hoa lan 
nhau nen vung nay trd nen ngheo dien tich hay la vung co dien trd Ion. Tuy 
nhien vung ngheo dien tich nay chi md rong ra den mot do day nhat dinh vi 
d ben vung n khi cac electron di chuyen di se de lai cac ion duong, con ben 
vung p khi cac electron di chuyen din se nhap vao ldp cac dien tu hoa tri 
ngoai cung tao nen cac ion !m. Cac ion nay nlm trong cau true mang tinh 
the nen khong the di chuyen duoc, ke't qua tao thanh nhu mot tu dien vdi cac 
dien tich am d mot ben va cac dien tich duong d cue ben kia. Cac dien tich 
cua tu dien nay tao mdt dien trudng E co hudng tir vung n sang vimg p. Dien 
trudng E tao hang rao can trd su di chuyen tie'p tuc cua cac electron nhu 
duoc giai thich tren hinh 1.2. Dien trudng E cung tao ra dien the' can U, vdi 
gia tri khong ddi d mdt nhiet do co dinh, khoang 0,65 V doi vdi diot silic d 
nhiet do 25°C. 



a) b) 

Hinh lJ.flidt 
a) can tao; b) ky hieu 
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Hinh 1.2 

Sit too lhanh 
dien the ran can 



Cac diot cong su&t dugc che tao de chiu dugc m6t gia tri dien ap ngugc 
nhat dinh. Dieu nay dat duac nhcf mdt ldp ban dan n\ giap v6i lap /?, co c4u 
tao giong nhu ldfp // nhung vdi mdt so lUOng it hon cac nguyen tit thu6c 
nhom V, hay noi khac hon la it cac di£n til tu do hem. Khi tiep giap p-n dugc 
dat duoi tac dung cua dien ap ben ngoai, neu dien trudng ngoai ciing chieu 
vdi dien trUOng thi vung ngheo dien tich se dugc mof rong ra tren vung n, 
dien trcr tuang duang cua di6t cang ldn va dong dien se khong the chay qua. 
Toan bo dien ap ngoai se rcfi tr£n vung ngheo dien tich. Ta noi r&ng diot bi 
phan cue ngugc. Xem hinh 1.3a. 


Hinh 1.3. Diot 
edng sudt 

a) phan cite ngtfc/c; 

b) phan cite t/uian 


HirSng di chuy4n cCia cac dien tich 
b) 


Vung ngh£o <5i^n tfch 

(a) 




Vung it cac difen li!r tir do 
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Khi dien trudng ngoai co hudng nguqc vdi dien trudng E vung ngheo dien 
tich se bi thu hep lai. Ne'u dien ap ben ngoai du ldn hon 0,65V vung ngheo 
dien rich se thu hep lai den bang khong va cac dien rich co the di chuyen tu 
do qua ca'u true tinh the cua didt. Dong dien chay qua didt liic do se chi bi 
han che do dien trd tai d mach ngoai. Khi do ta noi didt dttqc phan cue 
thuan. Xem hinh 1.3b. 

1.1.2. Dac tinh von-ampe cua didt 

Mot so ti'nh chat cua diot trong qua trinh lam viec co the duqc giai thich 
th&ng qua vide xem xet dac tinh von-ampe cua diot nhu tren hinh 1.4a. Dac 
ti'nh nay gdm hai phan: phan dac tinh thuan nam trong goc phan tu thtf nhtft, 
tuong ung vdi U AK >0; phan dac tinh nguqc nam trong goc phan tu thu ba, 

tuong umg vdi U^O. 

Tren duong dac tinh thuan neu dien ap anol catot U AK duqc tang dan tir 0 
cho den khi vuqt qua gia tri U M - 0,6 +0,7 V , gqi la dien ap rdi tren didt 
theo chieu thuan, dong qua diot co the co gia tri ldn nhung dien ap rert tren 
diot thi hau nhu khong thay dm. Nhu vay dac ti'nh thuan cua diot dac trung 
bdi tinh chat la co dien trd tuong ducrng nho. 

Tr6n during dac tinh nguqc neu dien ap anot-catot U AK duqc tang dan tir 0 
cho den gia tri , gqi la dien ap nguqc ldn nhat, thi dong qua diot chi 

co the co gia tri rat nho, gqi la dong rb. Cho den khi U AK dat den gia tri 
U thi xiy ra hien tuqng dong qua diot tang dOt ngdt, nhu vay la kha nang 
can trd dong cua diot theo chieu nguqc da bj pha vd. Qua trinh nay khong co 
ti'nh dao nguqc, nghia la neu ta giam dien ap thi dong dien cung khong giam 
di. Day la hien tuqng diot bi danh thung. 

De phan biet gia tri dong dien ldn tren ducrng dac tinh thuan vdi gia tri 
dong dien nho tren during dac tinh nguqc ta ghi don vi A d nua tren true 
dong dien va mA d nira dudi true dong dien. 

Trong nhiihg tinh loan thuc te' ngurii ta thuring dung dac tinh gan dung, da 
tuyen tinh hoa cua didt nhu tren hinh 1.4b. Bieu thuc toan hoc cua dudng 
dac tinh nay la: 

u = U D0 + i D R D ; U Di „ [ V]; l D [A]; R D [ft ] 

Dac tinh von-ampe cua cac di6t thuc ta' se khac nhau phu thu6c vao ca'p 
dong dian cho phep chay qua va dien ap ngupt ma diot co the chiu dupe 
nhung d£ phan tfch so do cac b6 bia'n d8i thi m6t dac tinh ly tuefng cho 
tren hinh 1.4c se ra't co ich. Theo dac tinh ly tudng diot co the cho phep m6t 
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Hi n h L4. Dae tin ft von-ampe cua mot diot. 
a) dac tinh thife te; b) dac tilth inyen tilth hoa; c) dac tinh ly tiring 

dong dien lefn bat ky chay qua vcfi sut ap tren no bang khong va diot co the 
chiu dirge mot di6n ap ngugc 1dm bit ky ma dong ro qua no bang khOng. 
Nghia la theo dac tmh ly tirong dien tro tuefng dircfng cua diot bang 0 theo 
chieu thuln va bang oo theo chieu ngugc. 

1,1,3, Dac tinh dong cat cua mot diot 

Khac v6i dac tinh von-ampe la dac tinh tinh, dac tinh u(t); i(t) la dac tinh 
cho thly dien ap va dong dien di qua didt theo thdi gian, goi la dac tinh d6ng 
hay con goi la dac tmh dong - cat. Dac tmh dong clt tieu bieu cua mot diot 
dugc the hien tren hinh 1.5. 

Tren hinh 1.5, diot a trang thai khoa trong cac khoang (1), (6) vdi dien ap 
phan cue ngugc va dong dien blng 0. 6 dlu khoang (2) diot bk dau vao din 
dong. Dong dien ban dlu nap dien tich cho tu dien tuong duemg cua tiep 
giap p-n phan cue ngugc lam dien ap u(t) tren diot tang den vai von vi dien 
tro cua vung ngheo dien tich con lefn. Khi u(t) tro nen duong, tiep giap p-n 
dugc phan circ thuln. Khi lugng dien tich da du Idn do din dien cua tiep giap 
tang len, dien tro giam va dien ap tren diot tro nen on djnh 6 mute sut ap U t)0 , 
co 1-1,5 V. Trong khoang (3) diot d trong trang thai din. 
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Hinh 1.5.Dang dien op va dong diin 
trin diot trong qua trinh dong cdt; 

H6) diol khoa ; 2) didt chityen sang ddn dong; 
3) trong Mi ddn; 4), 5) chtiyen sang khoa. 


Qua trinh khoa diet bit dau 6 khoang (4). DiOt van con dupe phan, 
huto cho den khi cac dien tich trong lop tiep giap p-n dupe d. tan he ra 
igoai. Thcfi gian di tan phu thuoc t6c dp tang cua dong ngupc u( ) 
mono dien tich tich luy trude do. phu thuoc gid tri dong d.en ma d.6t dan 
trude do. 6 cuPi giai doan (4) tiep giap p-n trd nen phan cue ngupc va diot co 
thP phuc hoi kha nang ngan can dien ap ngupc cua m'mh a cu6t giai doan (-U 

Dien tich duoc gach cheo tren duPng dong dien i(t) tuong tog bang voi 
lupng dien tich pha. di tan ra ngoai Q r Q r goi la lupng dien tich phuc ho.. 

Thoi gian t, gifla dau giai doan (4) den cuPi giai doan (5) gpi la thdi gian 
phuc hoi va la mot trong nhtog thOng so quan trong cua diol. 


IA A. Cdc thong so cot ban cua didt 

1. Gid tri Irung binhciia dong dien cho phep chay qua didt theo chteu 
thudn, I n . 

Trong qua trinh lam viec dong dien chay qua diot se phat nhiet lam nong 
tinh the ban dan cua diot. Cong suat phat nhiet se bang tich cua dong dien 
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chay qua diot vdi dien ap rcfi tren no. Diot chi' dan dong theo mot chidu tu 
anot den catot, dieu nay nghia la cong suat phat nhiet se ty le vdi gi£ tri 
trung binh cua dong qua diot. Vi vay I D la thong so quan trong de lira chon 
mot diot trong mot wig dung thuc te. 

2. Gia tri dien dp ngugc lcm nhcft md diot co the chin dung dirge , U ng max 

Thong so thur hai quan trong de lua chon met didt la gia tri dien ap ngugc 
ldn nha't ma diot co the chiu dung dugc, U llliJWX . Nhu dac tmh von-ampe da 
chi ra, qua trinh diot bi danh thung la qua trinh khong the dao ngugc dugc, 
vi vay trong moi umg dung phai ludn luon dam bao rang U AK <=U „ x „ klx . 

3. Tan so 

Qua trinh phat nhiet tren diot con phu thuoc vao tan so dong cat cua diot. 
Trong cac khoang thdi gian diot md ra hoac khoa lai cong suat ton hao tufc 
thdi u(t)i(t) co gia tri ldn hefn luc diot da dan dong hoac luc dang bi khoa. Vi 
vay neu tan so dong cat cao hoac trong trudng hgp thdi gian dong cat cua 
diot so sanh dugc voi khoang dan dong hoac khoa thi ton that tren diot lai bi 
quy dinh chu yeu bdi tan so lam viec chd khong phai chi la bcri gia tri dong 
trung binh. Cac diot dugc che tao de phu hgp vdi cac giai tan so lam viec 
khac nhau va tan s6 cung la mot thong so quan trong phai iuu y khi lua 
chon diot. 

4. Tfieri gian phuc hoi , t, 

Trong so do cac bo bi£n ddi thudng xay ra qua trinh chuydn mach giua 
cac ph&n tu, nghia la qua trinh dong dien chuy&i tu mot phan tu nay sang 
mot phan tu khac. Cac diot khi khoa lai co dong ngugc co the co bien do rat 
ldn de di tan cac dien rich ra khoi c£u true ban dan cua minh trong mot 
khoang thdi gian t r , goi la thdi gian phuc h6i. Theft gian phuc h6i cung quyet 
dinh t6n that edng suat trong diot. Cac didt co thdi gian phuc hoi rat ngan, 
cd ps, goi la cac diot cat nhanh. C£n ph£n biet diot cat nhanh vdi diot tan so 
cao va t r la mot thong so khac can quan tarn khi chon diot. 

1.2. Thyristor 

Thyristor la ph£n tu ban dan c£u tao tir bdn ldp ban dan p-n-p-n tao ra ba 
tiep giap p-n J )t J 2 , J j. Thyristor co ba cue: anot A, catot K, cue dieu khien G 
nhu dugc bi£u dien tren hinh 1.6. 
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Hinh 1.6. Thyristor. 

a) edit too; 
h) ky hieu tren so do. 



1.2.1. Dac tinh von-ampe cua thyristor 

Dae tfnh von-ampe cua mot thyristor gom hai phSn (hinh 1.7). Phan thur 
nhat nam trong goc phan tu thur I la dac tinh thuta tuong tag veri truong hop 
dita ap U AK >0, phta thur hai nam trong goc phan tu thur III, got la dac tinh 

nguoc, tuong tag v6i truong hop U AK <0. 

a) Trutag hop dong dita vao cue dita khita bang khtag (I (; =0). 

Khi dong vao cue dieu khita cua thyristor bang 0 hay khi ho mach cue 
dita khien thyristor se can trd dong dien tag vdi ca hai truong hop phin eye 
dien ap gitra anot-catot. Khi dien ap U AK <0 theo eta too ban dan cua 
thyristor hai tiep giap J „ J, deu phan cue nguoc, lop J, phan cue thuan, nhu 
vay thyristor se gio'ng nhu hai diet mta noi tiep bi phan cue nguoc. Qua 
thyristor se chi co mot dong dita rat nho chay qua, goi la dong ro. Khi U AK 
tang dat den m6t gia tri dien ap lta nhat U„ tJmx se xiy ra hita tuong thyristor 
bi danh thung, dong dien co the tang lta ra't lta. Giong nhu b doan dac tinh 
nguoc cua did't qua trinh bi danh thung la qua trinh khong the dao nguoc 
duoc, nghla la n£u co giam dien ap U AK xuong dirdi mure V HKtms thi ong 
dien cung khong giam dude v€ mile dong r5. Thyristor da bi hong. 

Khi tang dien ap anot-catot theo chita thuta, U M >0, luc dta cung chi co 
m6t dong dien rat nho chay qua, gpi la dong ro. Dien trd tuong duong mach 
anot-catot vln co gia tri rat lta. Khi do tiep giap J,. J_, phan cue thuta, 7, 
phan cue nguoc. Cho dta khi U AK tang dat de'n gia tri dien ap thuta lta nhat 
U s g say ra hita tuong dien trd tuong duong mach anot-catot dot ng6t 
giiim, dong dien co the chay qua thyristor va gia tri se chi bi gidt han boi 
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dien trcr tai o mach ngoai. Neu khi do dong qua thyristor co gia tri 1cm hon 
mot mire dong toi thieu, goi la dong duy tri, /** thi khi do thyristor se dan 
dong tr£n duemg dac tinh thuan, gidng nhu duemg dac tinh thuan o di6t. 
Doan dac tinh thuan dirge dac trimg boi tinh chat dong co the co gia tri ldn 
nhung dien ap roi tren anot-catot thi nho va hau nhu khong phu thude vao 
gia tri cua dong didn. 

b) Trircmg hop co dong dien vao cue di6u khi£n (I (! >0) 

N6u co dong di6u khi£n dua vao giua cue dieu khien va catot thi qua trinh 
chuy^n diem lam viec tr^n duemg dac tinh thuan se xay ra sdm hon, trade 
khi di6n ap thuan dat den gia tri 1cm nh£t, U thjmx > Dieu nay dirge mo ta tren 
hinh 1.7 bang nhung duemg net drift , ting vefi cac gia tri dong dieu khi&i 
khac nhau, 1^, Io 2 , W* Noi chung n£u dong di6u khien 1dm hom thi diem 
chuy^n dac tinh lam vifec se xay ra vdi U^ nho hem. 

Tinh hinh xay ra tren duemg d&c tinh nguoc se kh6ng co gi khac so vdi 
truemg hop dong didu khi£n bang 0. 

12.2. Md vd khod thyristor 

Thyristor co dac tinh giong nhu diot, nghla la chi cho phep dong chay qua 
theo mot chieu, tir anot den catot va can tref dong chay theo chieu nguoc lai. 
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Tuy nhien khac vdi diot, de thyristor c6 the dan dong ngoai dieu kien phai 
co dien ap U AK >0 con c<tn th6m m6t so dieu kien khac. Do do thyristor duoc 
coi la ph3n tu ban din co dieu khien d£ phan biet vdi diot la phan tu khdng 
dieu khien duoc. 

L Md thyristor 

Khi duoc phan cue thuan, U AK >0, thyristor co the mo bang hai each. Thti 
nhat co the tang dien ap anot-catot cho den khi dat den gia tri dien ap thuan 
lem nhat, U, h max . Khi do dien trd tuong duong trong mach anot-catot se giam 
dot ngot va dong qua thyristor se hoan toan do mach ngoai xac djnh. Phuong 
phap mo nay trong thuc te khong duoc ap dung va con la nguyen nhin mo 
khong mong muon vi khong phai luc nao cung co the tang duoc dien ap den 
gia tri U, hmux . Va lai nhu vay se xay ra truong hop thyristor tir mo ra dudi 
tac dung cua cac xung dien ap nhidu tai m6t thdi didm ngiu nhi&n , khdng 
dinh trude. 

Phuong phap thur hai va la phuong phap duoc ap dung thuc te la dua mot 
xung dong dien co gia tri nhat dinh vao gitra cue dieu khidn va catot. Xung 
dong dien didu khien se chuydn trang thai cua thyristor tir tro khang cao 
sang tro khang thap d muc dien ap anot-catot nho. Khi do neu dong qua 
anot-catot Idm hon mdt gia tri nhat dinh, gpi la dong duy tri (I Jt ) thl thyristor 
se tiep tuc 6 trong trang thai md dan dong ma khdng can den sir t6n tai cua 
xung dong didu khidn nira. Dieu nay nghla la co thd didu khidn md cac 
thyristor bang cac xung dong co dd r6ng xung nhat djnh, do do cong sua't 
cua mach didu khidn co the la rat nho, so vdi edng sua't cua mach luc ma 
thyristor la mot ph£n td dong cat, khong che dong didn. 

2. Khoa thyristor 

Mot thyristor dang dan dong se trd ve trang thai khoa (dien trd tuong 
duong mach anot-catot tang cao) neu dong didn giam xub'ng, nho hon gia tri 
dong duy tri, l dr Tuy nhidn de thyristor van d trang thai khoa, vdi trd khang 
cao, khi dien ap anot-catot lai duong (U AK >0) c£n phai co mdt then gian nhat 
dinh de cac ldp tidp giap phuc hoi hoan toan tmh chat can trd dong didn cua 
minh. Khi thyristor dan dong theo chieu thuan, U AK >0 , hai ldp tiep giap J h 
Jj phan cue thuan, cac dien tich di qua hai ldp nay dd dang va lap d£y tiep 
giap J2 dang bi phan cue ngUdc. Vi vay ma dong dien co the chay qua ba ldp 
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tfep eiap J„ J 2 , J 3 . Oi khod thyristor lai cln giam dong anot-catot vfe dud. 
muc dong duy tri (/J vk dlt mdt dien ap nguoc ten anot-catot (U^<Oj trong 
m6t khoang thdi gian tdi thiCu, goi lk then gian phuc hdi, t r . Trong then gtan 
phuc hdi c6 mdt dong dien nguoc ch ? y gida catot vk anot. D5ng ng- 
nay di tan cac dien t.'ch ra khdi tie'p gikp J 2 vk nap d.dn cho tu dtjn tuong 
duong cua hai tie'p giap /„ /, Me nky dang bi phkn^c nguoc. K^t qua la 
kha nkng can trd dong dien cua J 3 duoc phuc hdi. Thot gtan phuc h6, php 
thu6c vao luong dien tfch cln diroc di tan ra ngoat cku true ban din 

thyristor v& nap di6n cho ti£p giap J f , Jy 

Quk trinh khoa mdt thyristor duoc md ta tren d6 thi hinh 1.8. 

Theo hinh 1.8 phln dien tfch gach ctfco dudi duemg dong dien Ik lupng 
dien tfch Q r cln di tan ra ngoki cku true bin din cua thyristor. 
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Hinh 1.8. Qua trinh khoa mdt thyristor, y nghta cm thdi gian phut hSi. t r . 

Qr = Jidt 
0 

-nidi gian phuc hdi lk mdt trong nh0ng thdng sd quan trong cua thyristor. 
Thdi gian phuc hdi xlc dinh dii tin sd 1km vide cua thyristor, t, co gia tn cO 
5-50ps ddi vdi cac thyristor tin sd cao vk cd 50-200ps ddi vot dc thynstor 

tdn s6 tha'p. 


12.3 . Cac yeu cau ddi vdi tin hieu dieu khien thyristor 

Ouan he giura dien Ip tren cue dieu khien vk catot vdi dong dien di vko 
cue dieu khidn xac dinh clc y6u clu ddi vdi tin hidu dieu khidn thynstor. 
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V6i cung mot loai thyristor nha san xua't se cung cap mot ho dac tmh dieu 
khien, vi du nhu tren hinh 1.9, tren do co the tha'y dupe cac dac tmh gidi han 
\6 dien ap va dong dien nho nha't, dng v6i m6t nhiet do m6i truong nhat dinh 
ma tin hieu dieu khi£n phai dam bao de md dupe chac chan mCt thyristor. 
Dong dieu khien di qua tiep giap p-n gitfa cue dieu khi£n va catot cQng lam 
phat nong tie'p giap nay. Vi vay tin hieu dieu khien cOng phai bi han che' \6 
c6ng suat. C6ng sua't gidi han cua tin hieu dieu khi£n phu thuoc thdi gian. 
Ne'u tin hieu dieu khi£n la m6t xung co do r6ng cang ngan thi cong sua't cho 
phep co the cang ldn. 



Hinh 1.9. Yen can doi v&i tin hieu dieu khien 

So d6 tieu biiu cua mot mach khu£ch dai xung dieu khi&i thyristor 
duoc cho trdn hinh 1.10. Khoa transistor T duoc di£u khien bdi mot xung 
co d6 rpng nha't dinh, dong cat dien ap phla so cap bie'n ap xung. Xung 
dieu khien dua de'n cue dieu khi£n cua thyristor d ben phla cuOn.thur c^p. 
Nhu vay mach luc dupe each ly hoan toan vdri mach di£u khien bdi bie'n ap 
xung. Dien trd R han che dong qua transistor va xac dinh n6i trdf cua 
ngu6n tin hieu di£u khien. Diet D l ngan mach cuon so cap bien ap xung 
khi transistor T khoa iai de chong qua ap tren T. Di6t D 2 ngan xung am 
vao cue dieu khien. Diot D, mac song song vdi cue di£u khien va co the 
song song vdi tu C co tac dung giam qua ap tren tie'p giap G-K khi 
thyristor bi phan cue ngupc. 


2 -GTDTCS 
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Hinh 1.10. ScfctS tieu bieu 
mot mgch khttech dgi xung 
die it khien thyristor 



1.2.4. Cac thong sdcffbdn cua thyristor 

Cac thong so CP ban la nhtog thong so dua vao do ta cp the lua chon mot 
thyristor cho mot unig dung cu the nao do. 

I. Gid tri dong trung binh cho phep chay quo thyristor, \ WMh 

D4y la gia tri dong trung binh cho phep chay qua thyristor vdi dieu kien 
nhiet do cua cau true tinh the ban d&n ciia thyristor khong vupt qua mot gut 
tri cho phep. Trong thuc te dong dien cho phep chay qua thyristor con php 
thuoc vao cac didu kien lam mat va nhiet do m6i tru&ng. Thyristor co the 
duoc gan len cac bP tan nhiet heu chuan va lam mat tu nh.en Ngoai ra 
thyristor co the phai dupe lam mat cudng bite nhP quat gio hoac dung mice 

tat nhiet lupng toa ra nhanh hefn. Noi chung cd the lua chon dong dien 

theo cac dieukicn lam mat nhu sau: 

- Lam mat tu nhien: dong sit dung cho phep den mot phan ba dong 

- Lam mat cuPng buc bang quat gio: dong sit dung bang hai ph&n ba 
dong 

- Lam mat cuPng buc bang nude: co the sit dung den 100% dong I Vjrh 

2. Dien ap ngKric cho phep lent nltat, U ng.max 

Day la gia tri dien ap ngupc lPn nha't cho phep dat len thyristor. Trong cac 
tog dung phai dam bao rang tai bat ky thPi diem nao dien ap giua anoLca ot 
luon nho hon hoac bang Ngoai ra pha. dam bao m6t dp du tru 
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nh£t dinh \6 didn ap, nghla la V ng , niai phai dupe chon ft nh£t la bang 1,2 - 1,5 
\&n gia tri bidn d61cm nha't cua didn dp trdn so d6. # 

5. Thdi gian phuc hSi tinh chat khod cua thyristor, t T (ps) 

Day la thcri gian ttfi thieu phai dat didn ap am len giffa anot-catot cua 
thyristor sau khi dong anot-catot da v6 bang khdng trade khi lai c6 thd co 
didn ap U AK ducmg ma thyristor vitn khoa. t r la mPt thdng s6 r£t quan trong 
cua thyristor nh£t la trong cac bd nghich liru phu thudc hoac nghich lira ddc 
lap, trong do phai lu6n dam bao rang thdi gian danh cho qua trinh khod phai 
bang 1,5-2 13n t r . 

4. Toe do tang dien dp cho phep, —— (VifJS) 

dt 

Thyristor dupe s\i dung nhu m6t phdn tu co diPu khi£n, nghTa la m^c du 
khi dupe phan cue thu&n (U AK >0) nhung van phai co tin hidu diPu khiln thi 
no mdi cho phep dong didn chay qua. Khi thyristor dupe phan cue thuan 
ph&n 1dm didn ap rai trdn lefp ti£p giap J 2 nhu dupe chi ra trdn hinh 1.11. 


Hinh 1.11. Hieu itog 
dUldl tdc dung nhu 
ddng dieu khien 


h 

h 


1 


anot 


I 


catot 


i = Cj2(dU/dt) 



G 


Lefp tid'p giap J 2 bi phan cue ngupc ndn dp day cua no ndf ra tao ra vung 
khdng gian ngheo didn rich, can trer dong didn chay qua. Vung khdng gian 
nay co thi coi nhu mdt tu didn c6 didn dung C J2 . Khi co didn ap bid'n thidn 
vdi tdc d6 16n dong didn cua tu co thd co gia tri dang k£, dong vai tro nhu 
ddng di£u khi£n. KPt qua la thyristor c6 thd ma ra khi chua co tin hidu di£u 
khien vao cue diPu khidn G. 
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T6c d6 tang di£n ap la m6t thong s 6 phan biet thyristor tin so thip vdri 

cac thyristor tin so cao. C) thyristor tin s 6 tha'p vao khoang 50 - 200 

dt 

V/ps, voi cac thyristor tin s6 cao — co thi dat den 500 - 2000 V/us. 

dt 

5. Toe do tang ddng cho phep, — (Alps) 

dt 

Khi thyristor bat diu mo khong phai moi diem tr6n tiet dien tinh Ihi ban 
din cua no deu din dong dong deu. Dong dien se chay qua bit diu a mdt s6 
di^m, gin voi cue dieu khi£n nhat, sau do se lan toa din sang cac diem khac 
tren toan bd tiet dien. N£u toe do tang dong qua Ion co the din den mit d6 
dong dien a cac diem din ban diu qua Ion, su phat nhiet cue bo qua manh 
liet co ih£ din den hong cue b6, tu do din din hong toan bo tiet di£n tinh the 
ban din. 

Toe d6 tang dong cho phep cung phan biet a thyristor tin so thap co — 

dt 

khoang 50 + 100 A/ps vdi cac thyristor tin so cao co — khoang 500 + 

dt 

2000 A/ps. Trong cac bo bi£n doi phai Iu6n luon co bien phap dam bao 
toe do tang dong b dudi gia tri cho phep. Diiu nay dat duac nhd mic n6'i 
tiep vdi cac phin tur ban din nhtfng dien khang nho, loi khong khi hoac 
don gian han la cac xuyd'n ferit long l£n nhau. Cac xuyen ferit ducrc dung 
rit ph6 bien vi ciu tao dan gian, d6 thay doi di£n cam bing each thay d6i 
so xuydn long len thanh din. XuyS'n ferit con co tinh chit cua cuon cam 
bao hoa, khi dong qua thanh din con nho didn khang se ldn de han chi 
toe d6 tang dong. Khi dong da ldm ferit bi bao hoa tur, di6n cam giam gin 
nhu bing khong. VI vay cuon khang ki£u nay kh6ng giy sut ap trong chi 
d6 dong dinh mtfc chay qua diy din. 

1.3. Triac 

Triac la phin ttr ban din gom nim lop ban din, tao n£n ciu true p-n-p-n 
nhu d thyristor theo ca hai chieu gitfa cac cue T, va T 2 , do do co the din 
dong theo ca hai chieu gitfa T, va T 2 . Triac co the coi nhu tuefng duong vdi 
hai thyristor diu song song nguac (xem hinh 1.12). 
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Hinh 1.13. a) dac tinh von-ampe cua mdt triac; 
b) dieu khiin triac bang dong dieu khien dm. 


D5c tmh von-ampe cua triac bao g6m hai doan dac tmh 6 goc phln tu thur 
nhlt vl thtif ba, m6i doan d£u gitfng nhu dac tinh thu^n cua m6t thyristor 
(hinh 1.13). 

Triac co th£ di£u Jchi^n cho md din dong bang ca xung duong (dong di 
vao cue di£u khi£n) lin xung dong (dong di ra khoi cure diSu khifcn). Tuy 
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nhidn xung dong dieu khidn am c6 do nhay kem hon, nghla la de mo dugc 
triac se cdn mdt dong didu khien am Ion hon so vdi dong dieu khi^n duong. 
Vi v£y trong thuc t€ di dam bao tinh d6i xutag cua dong didn qua triac thi su 
dung dong didu khien am la tot hon ca. 

Triac dac bi6t httu fch trong cac Ling dung didu chinh dien ap xoay chi£u 
va cac mach cdng-tac-to tinh. 

1.4. GTO (Gate turn-off thyristor) 

Thyristor thudng, nhir dugc gidi thieu d phan 1.2, dugc su dung rong rai 
trong cac so do chinh liru, tir cong suat nho vai tram watt ddn cong suat cue 
Ion, vai tram megawatt. Do la vi trong cac so dd chinh lull cac thyristor co 
thd dugc dieu khien mo mot each chu ddng bang each dua xung dong vao 
cue dieu khidn va khoa lai mdt each tu nhidn dudi tac dung cua didn ap xoay 
chieu cua ludi dien. Tuy nhien vdi cac ung dung trong cac bd bam xung 
hoac cac bo nghich luu doc lap, trong do cac ph£n tir ban dan edng suat luon 
bj dat dudi didn ap mot chidu thi dieu kien di khoa tu nhien se khdng con 
nua. Khi do viec dung cac thyristor thudng se can den cac mach chuyen 
mach cudng btre rat phde tap, gay tdn hao ldn ve cong suat, giam hieu suat 
cua cac bo bien doi. 

Cac GTO nhu tdn goi cua no nghla la khoa lai dugc bang cue dieu khien, 
dugc nghien ciru va che' tao chinh la nham cho cac tfng dung do. Viec su 
dung cac GTO da ph£t huy cac iru diem co ban cua cac phan tu ban dan 
cong suat, do la chi c£n dung cac mach dien tir c6ng suat nho dd didu khien 
dong cdt, khdng che nhung dong dien rat ldn trong mach dong lire. 

Cau true ban dan cua GTO phurc tap hem so vdi cac thyristor thudng nhu 
dugc chi ra trdn hinh 1.14. Ky hidu cua GTO cung the hien tfnh chat dieu 
khien hoan toan cua no. Do la dong dien di vao cue dieu khidn dimg de mo 
GTO, con dong didn di ra khoi cue dieu khidn dung de di tan cac dien tfch ra 
khoi ca'u true ban dan cua no, nghla la de khoa GTO lai. 

Trong ca'u true ban dan cua GTO ldp /?, anot, dugc bd sung cac phan tir 
ban dan kidu n . Da'u + d ben canh ky hieu kieu dan dien p (16) hoac n (dien 
tit) chi ra rang mat dd ede hat mang dien tich tuong img dirge lam giau them. 
Ket qua la cac vung do se co dien trd suat rieng rat nho. Cue dieu khien van 
dugc no'i vao ldp p thir ba nhung dugc chia nho ra va phan bd' ddu so vdi ldp 
n* cua catot. 
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Hinh 1.14. GTO 

a) catt true ban dan; bj ky hieu 


Khi chira co dong dieu khien neu anot c6 dien ap dircmg hefn so vefi catot 
thi toan bo dien ap se refi tren 16p tiep giap 6 giGa (lefp J 2 ) giong nhu 6 
thyristor tliirbng. Tuy nhien neu catot co dien ap duong hofn anot thi tiep giap 
p-n sat anot se bi danh thung ngay a dien ap rat thap. Dieu nay nghla la GTO 
kh6ng the chiu dung dupe dien ap ngupc. 

GTO dupe dieu khien me bang each cho dong vao cue dieu khien giong 
nhu d thyristor thucmg. Tuy nhien do cau true ban dan khac nhau nen dong 
duy tri a GTO cao hon so v6i thyristor thubng. Do do dong dieu khien phai 
co bien dp lem hon va duy tri trong mot khoang thdi gian dai hem de dong 
qua GTO kip vupt qua gia tri dong duy tri. Giong nhu a thyristor thuefng sau 
khi GTO da din thi dong dieu khien khong con tac dung nua. Dieu do nghia 
la co the diPu khien ma GTO bing cac xung ngin, hay noi each khac la 
cong suit di^u khien la khdng dang ke. 

De khoa GTO mot xung dong phai dupe liy ra tir cue dieu khien. Khi 
dang din dong tiPp giap J 2 chua mot so lupng lem cac dien rich sinh ra do tac 
dung cua hipu ting bin pha vu bao tao nen vung din dien cho phep cac dien 
tir di chuy£n tir catot, vung n + , den viing p + cua anot, do do tao nen dong 
dipn anot. Bing each lay di mpt so lupng Idn cac dipn rich duong qua cue 
dieu khien vung din dien se bi co hep va bi ep ve phia vimg n* cua anot va 
vung n + cua catot. Ke't qua la dong anot se bi giam cho den khi ve den 
khong. Dong dieu khien tiep tuc dupe duy tri mpt thdi gian ngan de GTO 
phuc h6i hoan toan rinh chat khoa cua minh. 
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YOU ci» »< dang c«a xung ™ “<!l GTO S *4 

khoang 0.2 - U.Z3 oien uu uv. 6 d6 xung dong 

xung dong phai co d£> doc s ^ xun § ra ’ D| , & gl ai thich tai sao 

dieu khien phai dat dime sau khoang 0.5 den 1 ps. O.e yS ^ ^ ^ 

nguyen ly thuc hien xung dong kh ° a * & bk 0 v j c 6 the cung c&'p 

nguon a P . Ve nguyen tac nguon a P co no. trd bang 

dong dien vC cung 16n. 



Hinh L15. Xung dieu khien GTO 
a) yen cm, ve dang xung dong ; b) nguyen ly thuc 

SO dO dm gian On hint, 1.16 nham - .4 , i? c ,hdn h^ngnyen^ dieu 

khien tren. Mach dien dung ha. khoa transistor T, , K ^ 

U*. B 15V T,* n* dong dion eh,, « nguOn 15V ^ 

R„ nap dien cho tu C„ tao nen dong c «' ™ c m6 ket 

t« C, nap den dien ap cua M on ap > ^ ^ ^ ^ 

thuc. Khi tin hieu dieu khie 1 . khien va catot ciia 

tren tu C, Khi T, mo tu C, hi n6i ngan mach qua cuc d.eu khien 

GTO Diet D, c6 tac dung de tu C, khong bi nap nguoc la., 
xung dong co bieo.de> Ion chay qua. 
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1.5. Transistor c6ng suit (Bipolar Transistor) 

1.5.1. Transistor nhv mdt phan tu khod 

Transistor la phan tir ban din co cau true gom 3 ldp ban din p-n-p (bong 
thuan) hoac n-p-n (bong ngirctc) tao nen hai tiep giap p-n (hinh 1.17). Phln 
lorn cac transistor cong suit Ion co cau true n-p-n. Transistor co 3 cue: bazer 
(B); collector (C); emiter (E). 

Clu true ban din tieu bieu cua mot transistor cong suit duac cho tren 
hinh 1.17.C, trong do 16p ban din n cua collector se xac dinh dien ap danh 
thung cua tie'p giap B-C va do do cua C-E. Transistor c6ng suit conduce goi 
la bipolar transistor vi dong dien chay trong clu true ban din bao g6m ca hai 
loai difin tich am va duong (bipolar nghia la hai cue tinh). 

Trong che d6 tuyln tinh, hay con goi la chi do khu&h dai, transistor la 
phln tir khulch dai dong dien vdi dong collector, dong tai, bang p lln dong 
bazo, (dong dieu khien), P la hfi s6 khuech dai dbng dien. 

Ic= P1 b 

d transistor c6ng suit thong thu&ng P c3 tir 10 den 100. Tuy nhien trong 
diln tir cong suit transistor chi duoc sir dung nhu mot phln tu khoa. Khi 
di^u khifen mo transistor dong dieu khien phai thoa man dieu kien. 
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n 


/ ? J J > y / S / / / / ' f < f ' 
I Collector 

(0 


Hinh 1.17 . Can true transistor va ky hieu 
a) bong thuan; b) bong nguac ; 
c) cdu true ban ddn cua mot transistor edng sttdt. 


I B >^ hay 1 B = Kbh p 


Ic 


Trong do £„„==/,2 - 1,5 goi la he so bao hoa. 

Khi mo 6 che' d6 bao hoa dien ip giOa collecter va emitor co gii tri rat 
nho, cd 0,5 den 2,5 V, goi la dien ip bao hoa, U cl , M . 

Khi khoi, dong didu khifin I B bang 0, hie do dong collector se gin bang 0, 
di6n ap U CE se ldn de'n gii tri ldn nhit cua nguon dien ap cung cap cho mach 
tai noi tiep vefi transistor. 

T6n hao c6ng suit tren transistor bang tich gifla dong collector v6i dien 
ap roi tren collector-emiter. Do do trong che' do khoa t6n hao cong suat se co 

gia tri rat nho. 
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Hinh 1.18 the hien dac tinh tlnh cua mot khoa transistor <mg vdi cac loai 
phu tai khac nhau. Tren d6 thi di£m A tr£n dudng dac tinh tucmg ufng vdi 
transistor dang d che d6 khoa. Dong I A co gia tri nho, goi la dong id - Di^n 
ap tren collector-emiter U A co gia tri ldn, gan bang dien ap ngu6n E„. Diem 
B tirong umg vdi transistor dang md bao hoa. I B co gia tri ldn, U B co gia tri 
nho, goi la dien ap bao hoa. 



Hinh 1J8. Dac tinh cua mot khoa transistor itog vdi cac loai phu tai khac nhau 


1. Khi tai la thuin trd, Z t =R, khoa transistor se chuyen tu che do khoa 
sang md bao hoa theo dudng thing n6i A vdi B khi dong dieu khien thay d6i 
tir I B1 =0 den I B2 >0 va nguoc lai. AB goi la dudng dac tinh tai. 

2. Khi tai co tinh dung khang, Z=C//R, khi transistor dang khoa, tucmg 
dng vdi diem lam viec tai A, n€u dong dieu khien thay doi tir 1 B1 den I H2 thi 
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ngay 14p ttic dien ap vin giG nguyen gia tri cua no bang U A . Do d6 diem 
lam viec se chuyen 16n ducmg dac tinh ting vofi I B2 (ducmg s6 2), sau do mdi 
chuyen din ve diem B. Tai B U CE =U hh . Nguoc lai khi dong bazo thay d6i tvt 
I B2 ve I B1 =0 thi ngay lip vin giur nguyen gia tri bang U B nen diem lam 
viec se chuyen xuong ducmg dac ti'nh ting vdi I B i=0, sau do mdi chuyen ve 
diem A. 

3. Khi tai la trd cam, Z=L//R, neu dong dieu khi£n thay d6i tir 1 B , de'n I B2 
thi ngay l&p turc dong I c van gifi nguyen gia tri cua no bang I A . Do do di£m 
lam viec se chuyen ve dudng dac tinh sat vdi true dong dien, sau do mm 
chuyen dan ve diem B. Ngudc lai khi dong bazo thay doi tir I B2 ve I B1 =0 thi 
ngay lap tire dong I c van giu nguyen gia tri bang I B nen diem lam vi^c se 
chuyen ngang sang dudng dac tinh ung vdi I m =0, d viing dien ap rat ldn 
(ducmg so 3) sau do mdi chuyen ve diem A. 

Nhu v|y khi tai co tinh dung khang hoac cam khang khi transistor khoa 
hoac md deu co the xay ra trudng hop diem lam viec di chuyen qua viing bi 
han che ve cong suat, tai do dong dien va dien ap trdn transistor deu co gia 
tri ldn, hoac la viing bi han che v6 dien ap. Dieu nay la khong duoc phep, vi 
vay phai co nhung bien phap de tranh cac tinh huong nay. 

Hinh 1.19 th£ hien ducmg dac tinh c6ng suat tdi han dd'i vdi m6t 
transistor. Yeu c&u co ban doi vdi m6t transistor lam viec d che' do khoa la 
tai bat ky thdi diem nao gia tri tire thdi cua dien ap va dong dien deu phai 


m 



0,010ms 

0,100ms 




Hinh 1.19. Di(cmR dac tinh %i(ri han edng sud't cua transiior 
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nam trong vung gidi han. Ho ducmg dac ti'nh gidi han con phu thuQc vio d6 
rang cua xung dong dien qua transistor. Vdi do rong cua xung cang ngan, 
thi dien ap va dong dien cho phep cang ldn. Vi du vdi xung dong co do rdng 
lOps dac tmh gidi han co dang gan nhu chu nhat a vung cong suat Ion, con 
cac dac tmh vdi do rong xung ldn hon viing gidi han cang lit. ve vung co 
c6ng su£t nho hon. 

1.5.2. Dac tinh dong cua mot khod transistor 

Dac tmh dong cua mot transistor duoc xet 66 n qua dang cua dien ap va 
dong dien qua transistor khi tin hi£u dieu khien, dien ap u/t), co dang bucfc 
nhay chu nh^it (hinh 1.20). 



Hinh 1.20 . Dac tinh ddng cua mdt iransitor. 
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Tr6n dd thi co the thay rang dang xung dien ap va dong dien V c (t) 9 
tren transistor bj tr£ so vdi dang dien ap di6u khien UJt) then gian la t„ m ( ) 
va t ok (6) Sircm trade va sau cua xung deu chi hinh thanh sau cac khoang thdi 

gian t„, (3) va t k (7). 

/. Si/tao thanh stfcm trtidc cua xung 

Thcri gian tre t om (khoang 2 tren d6 thi liinh 1.20) 6 sacm trade cua xung 
ton tai la do khi bk diu tin hieu dieu khien nhay til -U B2 ten U Bl con can m6t 
thdi gian nap dien cho tu dau vao. Trong do tri s6 tu dau vao bang tong cua 
tu tren tiep giap B-E va tiep giap B-C, C BE va C BC (xem hinh 121). 


Hinh 1.21 . Tu dien titan g 
ditang tren i de tiep giap 
cua transistor 



Qua trinh nap kft thuc khi bang dien ap ngudng md if cua tiep giap 
B-E. Doi vdi transistor silic if 7V va h3u nha kh6ng nha khdng phu thude 
vao dong dien. 

Sacm trade cua xung (khoang 3, 4 tren hinh 1.20) bat diu hinh thanh sau 
khi ket thuc thcri gian tre t„„. Cdc ellectron xuS't phat tit emiter bat dau dat 
den collector lam xuSt hien dbng collector. CiSc electron thoat ra khot 
colector cang lam tang them lUOTg electron chuy&i den tir emiter. Qua trinh 
tang dong I c , I E se tiep dien cho de'n khi trong baza da tichluydu lacmg dten 
tich du thura AQ S ma t6c d6 ta ke't hop cua chung chinh la de dam bao mot 
dong /*, khong d6i. 

T ^Bl 

B,=__ rT“ 
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Dong colector se tang din len theo quy lu« ham mu. Dong dien se tien 
den gia tri cuoi cung la l t (*>)=Phr Tuy nhien chi den then gian C thi dong 
colector da dat den gia tri bao hoa I CM , t,ep theo transrtor ra khor ch6 dd 
tuyfe'n tinh va dmu kien khbng con tac dung nua. 

Chu y rang neu dong /„, cang Idn thi thoi gian tao sucm trude cua xung se 

cang ng£n. 

2. Sirdn sau cua xung 

(Cac khoang 6, 7, 8 tren d6 thi hinh 1.20). 

Trong then g.an transistor md bao hoa dien tfch tfch tu khong chi trong 
lop bazo ma con trong ca lop colector. Tuy nh.en nhung sp thay do, ben 
ngoai hau nhu khong lam anh hudng den che do lam vice cua khoa n 

Khi dien ap dmu khiPn thay ddi tit V m xuong -U H2 dien tfch tich luy trong 
cac ldp ban dan khong the thay din dot bien ngay dupe. Dong 1 B luc do se 

bang: 


IB2 = 


U B2 


Ri 


Nhu vav ban dau dien Uch tich luy se dupe di tan ra ngoa, cau true ban 
dan bang mot dong dien gin nhu khong thay do, /„,. Gtat doan di tan ket 

Me J«i l itch «. ,iep 

ve bang khdng va hep giip nay bj phan cue ngupc. Ch, kh. ^ dong colecto 
mdi bat dau giant vO khong, tao nen sucm sau cua xung dong d,en trong tho, 

gian t k . 

Thoi gian irt cang nho neu I H , cang nho va l , 12 cang Idn. 

Kh, phu tai co tinh dung khang thi hang so thdi gian khoa se dupe xac 
dinh bo, r c =C„R, (neu C M »C llc ), sucm sau cua xung dupe xac dmh chu yOu 

boi hang so thdi gian 

t k =2,3C n R c . 

i.5.3. Tom tdt ede thong so co ban cua transistor 
Nhu mot phan tu khoa transistor dupe dac trimg boi: 

1. Dong dien collector cho phep lorn nhat l c ^ 

2 Dac tinh cong suit gidi hair cung cd y nghla dac biet quan trong. Trong 
mot so trudng hpp don gian thong so nay dupe cho dud, dang cong suat cho 

phep P * 
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3. HS so khufe'ch dai dong dien ji: 

4. Thai gian trfe luc dong cat va cac then gian tao sucm trudc, sucm sau 
thucmg gop chung thanh thcfi gian mo va thdi gian khoa t,„, t„. Cac thong so 
ve then gian nay trong there te con phu thudc phu tai nhtmg thucmg duoc cho 
trong nhumg di£u kidn nh&tdinh. 

1.6. Transistor trudng - MOSFET (Metal-oxide-Semiconductor 
Field-effect Transistor) 


Khong giong nhu transistor thucmg, duoc gicfi thieu 6 phan 1.5, la phSn tu 
dilu khien bang dong dien, transistor trudng (MOSFET) la phan tu dieu 
khien bang dien dp. Vdi dac didm nay ddi vdi MOSFET ’ 
khi^n la khong dang kfe. do do co the difeu khi6n true t.fep MOSFET boi dlu 

ra cua cac vi mach c6ng su£t nho. 


Source 


Gate 



Drain 


Hinh 1.22 . MOSFET 
a) cd'u true ban dan; b) ky hiitt tret i so do. 

Hinh 1.22 th6 hien c&u trie ban diri cua m6t MOSFET cong suat vefi 
k^nh din ki£u n.G ia cue di6u khien duoc each ly hoan toan vcri c*u true ban 
din bdi ldp dien m6i cue mong nhung co do each difen cue 1dm dioxit silic 
(SiO,). Hai cue con lai la cue g6c (S) va cue mang (D). Cue mang la cue don 
cac hat mang dien. Nfe'u kfenh din la kifeu n thi cac hat mang dien se la cac 
electron (cac difen td), do do cue tinh difen ap cua cue mang la duong. Cue 
g 6'c thucmg duoc noi vdi de p. Tren ky hifeu phln tir chlm gach giua S va D 
de chi ra ring binh thucmg khdng co mot kfenh din noi giua S va D. 
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1.6.1. Nguyen ly hoqtdqng 


Hinh 1.23 m6 ta su tao thanh 
k6nh din trong cau true ban din 
cua MOSFET. Trong che do lam 
vi6c binh thuemg a m > 0. Gia sir 
dien ap giGa cue di6u khi£n va 
cue goc blng khong, khi 

do k6nh din hoan toan kh6ng 
xuat hien va giGa cue g6c vdi 
cue mang se la ti^fp giap P~ n 
phln cue nguoc. Dien ap U DS se 
roi hoan toan tren vung dien trd 
16n cua tiep giap nay (hinh 
1.23 .a), dong qua cue gdc va cue 
mang se la cue nho. 

Neu dien ap dieu khien 
U GS <0 thi vung be mat giap cue 
dieu khiSn se rich tu cac 16 (p), 
do do dong dien giGa cue mang 
va cue goc vln hlu nhu khong 
co. Khi dien ap diSu khi^n la 
duong, U GS >0, va du ion vung be 
mat giap cue dieu khi£n se rich 
tu cac dien tu, nhu v|y mot kenh 
din thuc su da hinh thanh (hinh 
1.23.b). Dong dien giGa cue 
mang va cue gric bay gib se phu 
Ihupc vao dien ap U^. 


a) 



VGng ngheo difen tfch 




b) 




Hinh 123. Sutqo thanh kenh dan 
trong can true bdn dan cua MOSFET 


Tir c£u true ban dan cua MOSFET (hinh 1.23.c) co th£ th*y rang gi»a cue 
mang va cue goc t6n tai m6t tiep giap p-n, tuong duong v6i mot di6t nguoc 
noi giua D va S. Trong cac so <J6, b6 bie'n d6i it trao d6i nang lucmg gtua tai 
va ngu6n thudng can co cac di6t nguoc mk song song vdi cac khoa ban dan. 
Nhu v4y uu diem cua MOSFET la da co sin mdt diot noi tai nhu v4y. Diot 
nay co vai tro nhu diot nguoc trong mach dien tuong duong cita MOSFET 

(hinh 1.25). 


3 - GTDTCS 
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1.62. Dae tinh cua mdt khoa MOSFET 


Hinh 1.24. Dae tinh tinh cua mdt . 
khoa MOSFET. Su phu thupc cua 
dong cue mdng I p vao dien dp dieu 
khien U as ung vai cac dien dp U m 
khde nhau. 



Hinh 1.24 thl hitn dac tfnh tinh cua m6t khoa MOSFET. Khi di6n ap 
di£u khien nho hon mot ngudng nao do* cd 3 V, MOSFET d trang thai khoa 
vdi dien trd rat idn giQa cue mang D va cue g6c S. Khi U GS cd 6-r7V 
MOSFET se d trong che d6 din. Th6ng thtfdng ngudi ta dieu khien md 
MOSFET bang di£n ap cd 15V de lam giam didn ap roi tr£n D va S. Khi do 
U DS se gan nhu ty le vdi dong I D 

Di6n trd thuin va dien ap roi tr£n MOSFET co h6 so nhiet dueng, di£u 
nay rit thuin tien cho vi£c ghep song song chung vdi nhau de co dugc dong 
dien ldn. 

So d6 tuemg duong cua mot MOSFET dugc bieu di£n tren hinh 1.25. 

De dieu khi&i d6ng cat mot MOSFET chi cin lam xuat hien hoac lam 
mit di k£nh din giua cue gdc va 
cue mang, do do qua trinh qua 


d6 xay ra rit nhanh. T6c d6 dong 
cat cua mdt MOSFET phu thude 
chu y£u vio cac tu di6n tirdng 
duemg giua cic cue C as , C GD > 
C m . Vin d6 chinh trong dieu 
khi&i cac MOSFET la phai tao 
ra dugc cac ngu6n tin hi6u vdi 
ndi trd rit nho. Chi co nhu viy 
thi hang so thdi gian cua mach 
di6u khi£n md du nho de dap 
tfng thdi gian dong, md rit ngin 
cua MOSFET. 



Hinh 1.25. So do tucmgduong 
cua mot MOSFET 
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Khdng gidng nhu phln tir ban din c6ng suit khac clc thing si co ban 06 
chon mat MOSFET II dien tret thuln vl tin hao edng suit trong qua trinh 
H5n 1 k cac thdng s 6 c a ban can duoc xem x6t de'n. 

MOSFET co tin s6 d6ng cat rat cao hon bin "so vdi transistor thudng vb 
thyristor, tuy nhi6n kha ning chiu t&i \6 dong dien dien ap thi k6m hon. 
Vdi difin ap y6u c£u ldn hon 500 + 600V thi c*c phSn txi c6 dien trd nh6 hon 
nhu IGBT se chie'm uu the' so vdi MOSFET. - 

1.7. Transistor co cue dieu khien ciich ly, IGBT (insulated gate 
bipolar transistor) 

IGBT la ph£n tvr ke't hop kha nang dong cat nhanh cua MOSFET vdi kha 
nang chiu tai ldn cua transistor thuemg. Mat khac IGBT cung la ph£n ttf di6u 
khiln bing dien ap, do d6 c6ng suH't dilu khi&i yeu ciu se cue nho. Hinh 
1.26a gidi thieu ctfu true ban din cua IGBT. 

Emiter 



E 


Ve clu true ban din IGBT khac MOSFET b chd gitta emiter (tuang tu vdi 
cue g6c) va collector (tuong tu vdi cue mang) la clu trie ban din p-n-p, chur 
khdng phai la n-n (hinh 1,26.b). Co the coi IGBT tuong duong vdi mdt p-n-p 
transistor vdi dong bazo duoc diCu khien boi mdt MOSFET. 
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Dirdi tic dung cua di|n Ip dilu khiln U GE >0 kenh din vdi cac hat mang 
dien 11 dien ttr duqc hinh thanh gilng nhu or clu true MOSFET. Cac di|n tu 
di chuyln vl phia colector vuqt qua ldp ti^p giap n-p, nhu d clu true gitta 
bazo va colector d transistor thudng, tao ndn dong colector. 

Thdi gian d6ng ckt cua IGBT nhanh hem so vdi transistor thudng. Trl khi 
md khoang 0,15 ps rthu dtfi vdi MOSFET, trl khi khoa khoang lps nhu 6 
transistor thudng. C6ng suit y6u clu di dilu khiln IGBT rlt nho. Dang cua 
tin hieu dilu khiln thuemg la +15V khi met va -15V di khok lai nhu duqc thl 
hien tren hinh 1.27. Mach dilu khiln IGBT vl nguyen tie kh6ng khac gi so 
vdi cac mach dilu khiln MOSFET. 






+15V 

0 


Md 

Kho4 


-15V 



Hinh 1.27. Yen can doi vefi tin hieu dieu khien IGBT. 

1.8. So sanh tuomg doi gitfa eke phln ttir ban din cong suit 

C6 thl so sknh mdt each tuong dli cac phln tur ban din cong suit thee> 
kha nang dong clt vl c6ng suit (di|n ap va dong dien) va tin s 6 dong clt di 
thly duqc pham vi umg dung cua cac phln ttr khlc nhau. Hinh 1.28 md ta su 
so slnh tuorng dli nly. 

Thyristor la nhung phln tur duqc chi tao cho kha nlng ddng clt vl edng 
suit ldn nhlt. Nhufng thyristor 16m nhlt co dien ap chiu duqc den 4500V, 
d6ng dien tli da din 4000A. Pham vi hoat ddng vl tin s6 d6i vdi thyristor 
lai la thlp nhlt vi thdi gian trl dong met cua clu true p-n-p-n tuong dd'i 1cm, 
tre khi md cd 5 ps, trl khi khoa cd 10 din 200 ps. Vi v|y cac thyristor duqc 
umg dung chu ylu trong cac so d6 chinh luu, trong do cac khoa se chuyln 
mach tu nhien dudi tac dung cua dien ap ludi vdi tin s6 50 - 60 Hz. 
Thyristor la phln tu dieu khien khdng hoan tokn, cd the dilu khiln md blng 
cue dilu khiln nhung khdng thl dilu khiln khoa lai duqc. 
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C6ngsu$t 

Ldn 

Trung binh 

Vua va nhd 

1 Th: 

/rislor 



GTO . 

IGBT. Transistor 








MOSFET 


1 o Thap Trung binh Cao Tin s6 


Hinh 1.28 . So sank tuctng dd'i cac phdn tit ban clan 
cotig suat theo cdng suat va tan sd dong cat 


GTO la budc cai tien dang ki \i cong nghe che tao cua thyristor. GTO co 
kha nang dong clt ve cdng suat thlp hern so vdi thyristor nhung pham vi hoat 
dong vd tin sd thi lai cao hon. Do co kha nang khoa lai bang cue dieu khidn 
nen thdi gian trd khi khoa bi rut ngln lai mdt each dang ki so vdi thyristor. 
GTO duoc umg dung trong cac so do nghich luu vdi cdng suat trung binh va 
tan s6 trung binh. Vide umg dung cac GTO da din den cdng suit cua cac bo 
bidn tin dude chi tao ngay cang ldn. 

Transistor va IGBT la nhung phln tir ban din duoc umg dung vdi nhung 
pham vi cdng suit nho nhung ydu clu tin sd' lam viec cao. Dac biet la cac 
IGBT dang duoc umg dung ngay cang rong rai vi thay the din cac transistor 
thudng. Vdi cdng suit didu khien ydu clu rlt nho viec su dung IGBT lam 
don gian dang kd thid't kd' cua cac bo bid'n d6i va lam cho ki'ch thude cua hd 
thd'ng dieu khidn ngay cang thu nho. 

Vdi uu thd' tuyet dd'i ve thdi gian dong clt cue nho (cd 0,5 dd'n 1 jxs) cac 
MOSFET chiem uu the tuydt doi cho cac umg dung ydu clu tin sd dong clt 
rlt cao (den vai tram kHz) nhung cdng suit tuong dd'i nho, vi du nhu cac bo 
ngudn xung cho may tinh PC. 

1.9. Van de ton hao cdng suit va lint.mat clc van cdng suit 

Tin hao cong suit bang tich cua dong didn chay qua phln tu vdi didn ap 
roi trdn no, toa ra dudi dang nhiet trong qua trinh lam vide. Nhiet luong toa 
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ra trong qua trinh lam viec ty lc vli gia tri trung binh cua cong suit ton hao. 
De an toan cho clu true ban din nhiet do lam viec cua ban thin clu true phai 
ludn luon a duai mlt gia tri cho phep (khoang 120° den 150°C), do do nhiet 
luqng sinh ra cln phai dirge din ra ngoai. Do chinh la qua trinh lam mat cac 
phan tir ban din cong suit. 

1.9.1. Ton hao cong suat tren cac phdn tit 

Ton hao cong suit tren cac phan tu ban din cong suat bao gotm 

• Ton that trong che do tmh, dang din dong hoac dang khoa. 

• Tin that trong chi' do dong, trong qua trinh dong cat. 

1.9.1.1. Ton hao trong che do tlnh 

Trong che d6 tlnh khi phan tu dang trong che d6 dan dong hoac dang 
khoa, cong suat ton hao blng tlch cua dong dien chay qua phln tu vli difen 
ap rcri tren phln tir. Noi chung khi phln tir dang khoa, dien ap rcri tren no co 
gia tri 16n nhung dong qua phan tir chi la dong ro, co gia tri fit nho, vi vly 
cong suit tin hao co the bo qua. Diiu nay nghla la cong suit tin hao trong 
che dl tmh chit ylu sinh ra khi phln tir a trong che do din dong. C6ng suit 
nay se co gia tri blng dong trung binh qua phan tir nhln v6i dien ap rcri tren 
phln tir. Vcri da si cac phln tir ban din cong suat thi dien ap rai tren phln tir 
trong chi dl din dong co thl coi la khong doi, It phu thuoc vao dong dien 
chay qua no. Nhu vly ta cl the de dang xac dinh duqc cong suit tin hao 
trong che d6 tlnh. 

1.9.1.2. Ton hao trong qua trinh dong cat 

De hi£u m6t each kMi quat v£ ban chat cua t6n hao ta xet ton hao cua so 
do bi£n doi xung ap mdt chi£u dung MOSFET (hinh 1.29). Khi xet t6n hao 
cong suat nguefi ta chia lam 3 ph£n. 



Hinh 1.29. Bo bam xung dp mdt chien dimg MOSFET 
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1. Ton hao do then gian dong cdt 

Hinh 1.30 giori thi6u gian do di6n ap, dong dien va nang Itfcmg ton hao 
khi so d6 1.29 lam vide, ung vefi khi MOSFET khoa lai. Trong do nang luong 
ton hao khi khoa lai W k la phdn dien tich s^m nay ducc-tinh theo cong thufc: 

W k =“E.I l l k 

Trong do: E - didn ap nguon; 

I L - Dong di6n lam viec cua transistor; 

t k - then gian khoa, t k = t 2 - 1 ,. 

Qua trinh MOSFET mo ra c6 dang gidng nhu gian do hinh 1.30 vdi chieu 
th6i gian quay ngiroe lai. Nang lucmg ton hao khi transistor md duqc tinh 
theo cong thric: 

~ E • I L 1 m 

Trong do t m la then gian md cua transistor. 



Hinh 130. Dang ddng dien, dien dp trong qua trinh khoa trin sodd ilinh 1.29. 


39 









Nhir v&y nang litcmg tdn hao trong m6t chu ky se bkig W k + W m va n£u 
chu ky \k T thi tfln s6 f = j vk cdng sufft tdn hao se bang: 

P = l(W c + W m ) = f(W k+ W m ) 

2. Ton hao do thdi gian phuc hoi 

Vi6c dita cac ti6p gi&p v£ trang thai khoa c£n co thcfi gian de cac di6n 
tfch di tan htft ra ngoai. Di don gian oho viec xet thai gian phuc hdi ta c6 sa 
d6 (hinh 1.31). Hinh 1.32 la gian d6 difin ap diin ra trong qua trinh phuc hoi 
cua di6t D, trong do gia su T1& van ly tuong. 


Hinh 1.31. So dS trong do 
ton that sink ra do qua 
trinh phuc hSi cua didt 
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QudphucMi diinra nhtrsau:Trongkhoing AH,Si» V=^<«. “ 

qua trinh nky dupe tmh bang edng thuc: 

W D = E I L t, + E Q r 

Trong d6: E - difin ap ngu6n; I L - dong diSn 1km vific cua trans^or; 
t, -Li gian phuc hdi; Q, difin tich qua tifi'p gi*P trong qua tnnh phuc bang. 

t2 

Qr = (i L dt 

Trong thuc «tin hao Jig qui tnnh phuc Mi khi 1cm. W g *">«“<f 

hao My trong so died the dung diMcMnhanh.tuynh.Cn can c yq P 

cua so d6 do tdc d6 dong di£n ngirdc qua 16n, 


Tdn hao do cac phan tit phan khdng 


Hinh 1.33: m6 ta tdn hao 
edng suft tr£n cac phSn tu phan 
kh^ng. Nhin vko so d6 ta th2y tu 
di6n va cu6n cam trong qu£ 
trinh nap, ph6ng ddu co tdn hao 
nang luong- && cho 
khi x£c dinh t6n hao cua cac 
p hSn ttr nay ta c6 thd xem ngudn 
cung c^p e(t) la ngudn xung 
hinh chtt nhat. 

Vdri ngudn c£p & ngudn 
xung chfl nhat E, ta c6 gian d6 
dien ap, ddng difin cua so dd 
hinh 1.33 the hifin trfin hinh 
1.34. Tit gian dd difin ap, dong 
dien trfin hinh 1.34 ta tmh dupe 
tdn hao tr6n cac phdn tit tu difin 
v& di£n cam. 



tfinh 133 . So dd md td tdn hao 
edng sudt tren dien cam trong 
qua trinh ddng cat cua didt . 
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Hinh 1.34 . Dang dong dien dien dp cua so do kinh 1.33 

- Ton hao tr£n tu ditn C khi MOSFET m6: 

W c = ~(^ds + C D )E 

- Ton hao tr6n cuoc cam L. 

W L = E L Q r 

trong do la di£n dung tirong ductag giQa cue mang va cue g6c (vi du 
doi veri MOSFET). 

C D la tu tuong duong cua diot. 

Q, la dien tich co lien quan den n&ng luong tich luy trong cuon L va g&y 
ra ton hao khi diOt phuc hoi va tich luy. 

Qr=-'!>L(‘)dt 

*2 
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1.92. Mach tragi tip ddng ma 

T6n that nang lirgng nha xem xet 6 tr6n xay ra trong qua trinh d6ng ma 
kha ldn. D£ giam bdt phin ton hao nay ngirdi ta thucmg mic them mach trg 
giup cho qua trinh dong mcf cua van ban din. 

Hinh 1.35a gidi thieu so d6 cua mach trg giup dong md van ban din va 
dang dong dien, di£n ap tren cac phan tur cua mach (hinh 1.35b). Vdi mach 
trg giup nay ngudi ta tmh dugc ton hao trong qua trinh khoa va md van 
nhu sau: 




Hinh 1.35 . Mach trg giup ddng macho van bdn ddn; 
a) sa dd nguyen ly; b) dang ddng dien, dien dp Iren cac phan tu. 


- Tdn hao trong qua trinh khoa: 




24 C 


(t k thdi gian khoa cua van) 
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- Ton hao trong qua trlnh md: 

r 2 t 2 
4 3m 


w = 


24 L 


(t m thdi gian mo cua van) 


Neu biet diroc cac thdng s 6 cua van nhu t k , t m va cac th6ng s 6 cua mach 
dien nhu dien ap nguon E, dong tai I 2 , tan so lam vide f, thdng s6 cua tu C va 
cuon cam L trong mach duoe xac dinh nhu sau: 


C = 
L = 


IiA 

2E 

E.t m 

2Il 


Sau nhung bien doi co lien quan khi do tdn hao cdng su£t se 


bang: 


P = f(W k + WJ=^f(t k + t m ) 

Vi du: vdi mach E = 100V; I L = 10A; t* = 3ps; ^ = lps; f - 10 kHz; ta co: 


C = 

L = 


1Q.3.1CT 6 

2.100 

100.1.HT 6 

2.10 


0,15 pF 


= 5pH 


Tdn hao cdng su&'t bang: 

P = 10.10\(1 + 3). HT 6 = 3,3(W) 

12 

Neu khdng co mach tro giup dong md, tqn hao cdng su£t trong qua trlnh 
dong md 

P = f(W k + W m ) = f(l/2)EI u (t k + t m ) = 10.10\0,5.100.10.4.10‘ fi = 20 (W). 
Nhu vay mach hd tro dong md da gop ph2n giam tdn hao cong su£t trdn 
ph£n tu dong cit tdi 6 \&n. 


1.93 . Lam mat cho cdc van trong qua trinh lam viec 

Ph&n Crude chung ta da tinh toan ton hao cdng su£t cua cac van trong qua 
trlnh lam viec. Cdng suat tdn hao nay chuyen thanh nhidt lam nong van. N£u 
nhiet dd cua van vuot qua gidi han cho phep se pha huy van, vi v^y lam mat 
cho van la v£n de rat quan trong. De vide lam mat cho van co hieu qua va 
kinh tei chung ta xet qua mot so yd'u 1 6 sau. 
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1.9.3.1. Truyen nhiet 

Nhiet do cua van tang len do cong suat ton hao trdn van g^y ra. Khi nhiet 
do cua van cao hon nhiet do m6i trudng xung quanh nhiet luong duoc truyen 
vao moi trudng. Tdi gidi han nao do nhiet luong do cdng su£t ton hao sinh ra 
vdi luong nhiet truydn vao moi trudng bao hoa thi nhiet d6 cua van khong 
tang nfla. 

Hinh 1.36 gidi thieu dudng cong nhiet d6 cua mdt van trong mdi trudng 
truyen nhiat ddng nha't. Dudng cong P t] tmg vdi van khi lam viec co cong 
su&'t tieu hao Idn; ducmg cong P l2 ung vdi vanlamviec khi co cong suat tieu 
hao nho, 0 la chenh lech nhiat d6 giura van va moi trucmg. 



Hinh 1.36. Ducmg cong nhiet do 

1.9.3.2. Cac bien phap lam mat cho van 

Moi loai van khi duoc dua vao thi trucmg, cac nha san xu£t bao gid cung 
cung cap cho ngudi six dung biet cac thong s6 quan trong nhu: I v , V ftgmax , 
T max ... nhung chung ta cdn luu y mot dieu cac van do cac nude san xu£t 
thudng co nhiet do moi trudng la 20 * 25°C. Vi v&y de van lam viec vdi cac 
thong so danh dinh do nha san xuat dua ra bdt bude cac van phai duoc lam 
mat. Thdng thudng van duoc gdn len mot canh tan nhiet vdi cac thong sd 
phii hop. Co 2 bien phap lam mat thudng gap: 

1) Lam mat tu nhien 

2) Lam mat cudng btre. 
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1. Lam mat tu nhien trie \k chi dua vao su dd'i luu kh6ng khi quanh van 
khi ip dung vdi cac van c6 c6ng sua't nho va I LV ^ — Icam c ^ a van - 

2. Lam mat cudng burc : sir dung bitn phap nay co ihi cho van lam viec d 
cac th6ng so dinh mure. Lam mat cudng hire co hai each. 

- Tao lu6ng khong khi vdi toe dd ldn qua van de d^y nhanh qua trinh 
truydn nhidt cua van vao khong khi. 

- Lam mat bang nude, trong do van duoc g&n len mOt tarn dong r6ng, co 
dong nude chay qua. Day la bien phap lam mat rat hieu qua nhimg he thdng 
lam mat kha phurc tap, chi phu hop vdi nhung ung dung yeu cdu c6ng sua't 
ldn va co sin nguon nude tai vi tri lap dat thiet bi. 

Sau day la mot vi du tinh toan chon tan nhiet cho mdt van. 

Vi du: Thyristor BTW 67-1200, vo loai CB-332. 

Trd khang nhidt tir tie'p giap ban din ra vo la R^r °C/W. 

Trd khang nhiet tir vo ra tan nhidt la R tb(v . ht = 0,1°C/W. 


1 d =25 A, U^ ma -1200 V, 

T = 110°C : nhidt do cho phep cua ca'u true ban dan cua van. 

Gia sir da tmh toan duoc ton hao c6ng sua't trong qua trinh lam viec bang 
50 W, nhifet do m6i truemg t, =.40°C. Khi do trd khang nhiet cua tan nhiet 
yOu cau bang: 


R 


th(h-a) 




th(j-v) + ^th(v-h)) 


l max 


110-40 

50 


-(0,93 + 0,1) = 0,37(°C/W) 


Theo phu luc 3 ta co the chon loai tan nhiet WA 290 vdi dd dai 150 mm. 

Cac trudng hap sifeSqua trinh nhiet. 

M0 hinh phan bd' nhiet va truy£n nhiet trdn day chi dung trong trudng hop 
thi6 bi lam viec binh thudng. Trong nhung trudng hop su c 6 nhu ng&n mach 
hoSc td'c do tang dong dl/dt qua cao thi kha nang rich nhiet va truydn nhidt 
cua thiet bi se bi han chd dan ddn nhidt dd tang dot ngdt ngay trong cau true 
ban dan lam pha hong phan tir. Dd la cac trudng hop su co' phai duoc ngan 
chan bang cac bidn.phap vi mach va khOng thude pham vi nghien cuu cua 
qua trinh lam mat thiet bi. 
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Trong tfnh toan de c6 th£ du doan duoc nhiet d6 khi lam vi£c qua tai nha 
san xuSit con cung dp them mot thong s6, goi la tro khang truy^n nhiet: 

„ D6 tang nhiet d6 (°C) 

Zjj — ■ ' 

Ton hao c6ng suit trong mot don vi thdi gian (ms) 

Nha do co the tfnh toan duoc thofi gian chiu qua tai cua thiet bi theo thdi 
gian, vi du 150% trong 10 ms, 120% trong 60 ms,... 

Cau hoi on tap 

1. N6u dac tfnh ca ban cua cac phln tCr ban din cong suit. 

2. The nao la van dieu khien khdng hoan toan va van dieu khien hoan 
toan? 

3. De chpn mot phan tir ban din (didt, thyristor, transistor, MOSFET, 
IGBT,...) phai dua tren cac thong s 6 c a ban nao? 

4. Tai sao can han che toe do tang dong, tang ap tren thyristor? 

5. Phln biet vln de di^u khi^n giua thyristor va GTO, gitfa transistor 
thuemg va MOSFET, IGBT. 

6. Ton that tren van ban din trong qua trinh lam viec bao gdm nhung 
thanh phan nao? 

7. Tai sao phai dat vln de lam mat cac van ban din? Dua tren cac th6ng 
sd ky thult nlo de tfnh toan qua trinh lam mat? 
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Churcmg 2 

CHiNH LUD 


2.1. Cac van de chung 


2.1.1. Chink hat la gi? 

Chinh luu la thiet bi dung da bien doi nguon dien xoay chieu thanh nguon 
dian mot chieu, cung cap cho phu tai m6t chieu. Vi du phu tai mot chieu 
co the la dong co dian mot chiau, mach kich tit cua may dien, mdt cuon day 
cua nam ch&m dian, mot s6 thiet bi su dung dian mot chieu nhu be ma, ba 
dien phan,... 


2.1.2. Phan loai cdc so d6 chinh luu 


Tuy theo so pha cua ngu6n dien xoay chieu phia d&u vao cua chinh ltfu la 
m6t pha, 3 pha, M-pha ma chinh luu co the la m6t pha, 3 pha hoac w-pha. 

Neu dong dien xoay chiau chay giua d&y pha va day trung tfnh thi chinh 
liru goi la so do hinh tia. Neu dong dian xoay chi£u chay giua cac day pha 
v6i nhau thi chinh luu goi la so do ciu. 

Neu so do chinh luu chi sir dung loan did! thi so do chinh luu goi la so d6 
kh6ng diau khien. N£u so d6 sir dung toan bo la thyristor thi so do goi la 
dieu khien hoan toan. Neu so d6 kat hop ca thyristor llin diot thi so do se la 
ban di6u khien. 

Ket hop each phan loai nhu tren mot so d6 chinh luu co the dupe goi tan 
nhu sau: 


So 66 
chinh luu 




* Kbong dieu khien 
- Bi&J khien hoan loan 
-Ban dieu khien 


Vf du: 1. So d6 chinh luu 1 pha c&u diau khian hoan toan, 
2. So do chinh luu 3 pha hinh tia kh6ng diau khien. 


2.1.3. Cdc dang so d6 chinh luu 

Cac dang co ban cua so do chinh luu dupe bieu dian tren tran hinh 2.1. 


48 



Hinh 2.1. Cac clang sodo chinh Urn co ban 
(!) so do chinh lint 1 pha, mm chi, ky: (2) sodd chinh luu I pha hinh ha ; (3)sate 
chinh I,a, can 1 pha; (4) sodd chinh ha, 3 pha hinh ha; (. 5j so do chinh ha, can 3 pha, 
(6) so dd chinh htu 6 pha. co cuon khdng can bang. 


2.1 A. Ctiu true chung cua mot so do chinh luu 

Ca'u true chung cua mot so d<5 chinh luu cho tren hinh 2.2 bao g6m cac 
thanh ph&n chinh sau day: 



1) MBA: may bien ap dung de phoi hpp mure dien ap giua lu6i dien va 
dien ap b dSu vao cua chinh luu. MBA la bo phan bat buoc d6i v6i cac so d6 
hinh tia nhifng khong bat bu6c doi voi cac so d6 cdu. 

2) CL: So do chinh liru. Day la bo bien doi g6m cac van ban dan dupe noi 
theo so do cau hoac so do hlnh tia thuc hien chue nang bien d6i dien ap xoay 
chi£u thanh dien ap mot chieu. 

3) Khau loc: gom cac phan tir phan khang nhu tu dien va cu6n cam lam 
chufc nang san bang dien ap chinh liru, giam thanh phan dap mach tren dien 
ap ra cua so do chinh luu d£n mot mure d6 cho phep. Trong nhieu tirng dung 
ban than phu tai da co tilth chat loc nen khau loc khong nhat thiet phai co. 

4) Mach phan hoi: g6m cac khau do ludng tin hieu nhu dong dien, dien 
ap phuc vu cho cac churc nang di£u chinh, cac mach bao ve cua ca he th6ng. 

5) Mach dieu khien: day la khau quan trong trong so do chinh luu. Mach 
dieu khien phai thuc hien churc nang tao ra cac xung dieu khien dong pha vdi 
dien ap ludi dien xoay chieu, dua den cue dieu khien cua cac thyristor tai 
dung thdi diem ma dien ap anot-catot dang duong. Mach dieu khien phai co 
kha nang thay doi goc dieu khien a trong toan bo giai 6iiu chinh, vi du tir 0* 
den 180°, dam bao dupe chufc nang ve dieu chinh dien ap chinh liru theo yeu 
cau. Mach dieu khi£n cung thuc hien cac chirc nang ve tin hieu hoa va bao 
ve cho toan he thd'ng. 


MBA CL 



Hinh 2.2. Can true chung cua mot so do chinh hat. 
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2.1.5. Cac ddc tinh cua mot so dd chink lieu 

Cac dac tinh cua mpt so do chinh liru the hien qua mot nhom cac thdng 
so c cf ban. Cac thong so co ban nay edn thidt cho cac qua trinh thiet kd mot 
so dd chinh liru cho mdt ung dung cu the nao do. Cac th6ng sd co ban nay 
cGng dupe dung dd danh gia chdt lupng cua dien ap chinh luu cOng nhu anh 
hudng cua so do chinh liru doi vdi ludi dien. Viec xac dinh cac thong so co 
ban nay la ddi tupng nghien cum cua dien tu cong sudt. ThOng thudng m6t so 
do chinh luu duoc xem xet vdi cac thong so vd tai yeu cdu bidt trude, do -a 
dien ap chinh luu U d va dong dien chinh luu theo yeu cdu I d hoac cong suat 
ytu cau Pj. Cac thdng so co ban edn duoc xac dinh theo cac thong so cho 
trude nay. Ngoai ra ngudi ta con edn quan tam den mot s 6 thong so sau cua 
mot so do chinh luu. 

1) Nhom cac th6ng so danh gia chat lupng cua dien ap chinh luu: Dien ap 
chinh luu khong co dang bdng phdng hoan toan ma co dang dap mach vi no 
duoc tao thanh tir cac doan dien ap xoay chidu hlnh sin. So ldn lap lai cua 
cac doan dien ap xoay chidu nay trong mdt chu ky cua dien ap ludi goi la sd 
ldn d&p mach ciia didn ap chinh luu. Thong so nay xac dinh do bang 
phang” ciia dien ap chinh luu. So ldn dap mach cang ldn cang tot vi se cang 
dd lam phdng dien ap chinh luu hon. 

2) Cac thdng sd ve van: Cac thong sd nay edn thidt dd co the chon duoc 
van cho mot so do chinh luu. Hai thong sd co ban de chon van la gia tri dong 
trung binh qua van va dien ap ngupc ldn nhdt tren van, I v va U n&jnax . 

3) Nhom cac thong sd vd may bidn ap: Cac thong sd nay can thiet cho 
viec thiet kd may bidn ap. Dd thiet kd mot may bien ap ta edn bidt cong suat 
tfnh toan may bidn ap, S ba , de co the xac dinh kfch thude mach tir may bidn 
ap. De xac dinh tidt dien ddy cudn edn bidt gia tri hieu dung cua cac cupn 
ddy so cap va thu cdp, // 2 . De xac duih sd vong d&y cua m6i cudn ddy edn 
bidt dien ap tren timg cuon va ty sd bidn ap, K 

4) Cac thong sd xac dinh anh hudng cua so d 6 chinh luu ddi vdi ludi dien: 
anh hudng cua so d6 chinh luu ddi vdi ludi dien duoc danh gia qua he sd 
cong sudt coscp, trong do <p la goc lech pha giua thanh phdn song hai bac 
nhdt cua dong dien va dien ap d dau vao-chinh luu. Mot thdng sd khac quan 
trong nua la he sd meo phi tuydn cua dong ddu vao chinh luu. Ddi vdi 
ngudn co cong suat gidi han hoac khi edng sudt chinh luu rdt ldn thi do meo 
phi tuyen nay se anh hudng rat manh ddn cdc thiet bi khac tren ludi dien. 
Danh gia dupe do meo phi tuydn se cho phep xac dinh can phai dung cac bd 
loc dau vao chinh luu hay phai su dung cac so do nhidu pha de giam thidu 
anh hudng cua chinh luu ddi vdi ludi dien. 


51 



2.2. So do chmh lim 1 pha, nua chu 
2.2.1. So dd dung didt, tai thudn trd 


D&y la s o do dofn gian nha't, co r&t it ling dung trong thuc tc. So do duoc 
cho tr6n hinh 2.3, chi duoc xet den vdi muc dich minh hoa. 



Hinh 23. So do chmh hoi I pha, m(a chu ky. 
a) So do nguyen ly; b) Dang'ddngdien, dien dp tren cdc phdn n'(. 

Tr6n so do dien ap xoay chieu phia thti cap may bi£n ap, cr diu vao chinh 
luu c6 dang sin xoay chieu: 

u = ITsinG, 

Trong do: 

U m * gia tri bien do cua di£n ap xoay chieu, [V] 

U m - V2U , \6i U la gia tri hieu dung, [V] 

0 - cot: goc, [Rad] 

(o = 2nf: t£n s6 goc, [Rad//j] 

/: tan so di6n ap ludri, [Hz] 

Vdi gia thiet khi 0=0^k cue tinh dien ap ngu6n xoay chieu diroc danh 
d£u nhu tren hinh ve, vdi d&u +, - khong 0 trong ngoac. Cue tinh dien ap nay 
la thuan doi vdi diot D nen D se thong, n6i tai R, vao nguon. Dien ap tren tai 
lap lai nhu dien ap u trong khoang 6-0^k. 
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ViJi gia thie't tai thudn trcf, dong tai se lap lai nhu dang dien ap. Dong i, c6 
dang nua hinh sin tir 0 den n. Sau 7t dong tai co xu hudng dao chieu. Tuy 
nhien diot khong cho phep dong chay theo chi^u ngupe lai, vi vSy diet khoa 
va dong tai bang 0 trong khoang 6-n^2n. 


Trong khoang 6=k^2k diot D khong thdng. Dien ap dat len diet lap lai 
dang didn ap nguon va co cue tinh ngupe doi vdi di6t. 

Tir hinh 2.3.b co the tinh dupe gia tri dien ap chinh luu trung binh: 


I \ rrin T T m 

— JU m sin0d0 - - (-cos0) q = - 

2 n n 


V2U 
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Tuong tir dong tai trung binh co th 6 duoc tinh b&ng: 

_]d__ U m _ n/2U 

d n nR TtR 


Di6t phai chiu dien ap nguac lan nhat b4ng: 


U„ B . msI =U m =V2U 


22.2. Sa do dung thyristor , tai tra cam 


So do chinh liru 1 pha, nita chu ky nhu tren hinh 2.3 co rift it img dung 
thirc te. Tuy nhien so do nhu tren hinh 2.4 lai duoc dung kha pho bie'n, dac biet 
la cho cac mach kich tir may di£n mot chidu hoac cac may phat dong bo. 



(b) 

Hinh 2 A . So dd chinh htu 1 pha nua chu ky co diiu khien 
a) so do nguyen ly; b) dang ddng dien, dien dp tren cac phan tu 
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Dac di&n cua cac cuon kich tir la c6 dien cam lcm, vl viy ta x6t tai cua so 
do d day la tai tro cam L-R. Vi tai co tmh chat cam nen so do phai co diet D, 
goi la di6t khong, tao duong din cho dong tai khi thyristor khoa va tao ra 
di6n ap u d chi co mot cue tinh. 

Nguyen ly lam viec cua so do tren hinh 2.4a nhu sau: 

Gia sir thyristor V nhan dupe tin hieu dieu khien cham sau diem dien ap 
nguon qua 0 mot goc la a, goi la goc dieu khien, V se thong. Dong qua tai 
bit dau tang len. Den thdi diem dien ap ngu6n bat dau doi dau, din den 
diet D dupe ph&n cue thuin. D bat diu mP ra dat dien ap ngupc len anot- 
catot cua thyristor V lam V khoa lai. Do tinh chit cua dien cam tai, dong vin 
tiep tuc dupe duy tri va noi vong qua diot D. 

Neu de'n thcri diem, co tin hieu dieu khien tie'p theo, 2?r+a, dong chua ve 
den 0 thyristor se bit dau din dong v6i gia tri ban diu khac 0. Che dp nay 
goi la che dp dong lien tuc. Vi du ve truemg hop nay dupe m6 ta tren hinh 
2.4.b qua do thi dong i d . 

Neu dong qua diot bing 0 truoc khi den thoi diem 2n+a thyristor se bit 
diu din dong tir 0. Trudng hop nay goi la che dp dong gian doan. 

Dang dien ap, dong dien tren tai va dien ap ngupc dat thyristor cho tren 
hinh 2.4b. Co thi xac dinh dong dien qua tai qua dong dien chay qua 
thyristor va diot nhu sau: 


- V6i dong tai gian doan : 


i v = ~_r s in(0 - cp) - e a(6 “ a> sin(a - <p)] 

Z 

i D = — [sin(0 -<p)- e a(n_a) sin(a -<p)]e a(0_5l) 

Z 


- V6i dong tai lien tuc: 

U m 


U n 


tv = 


^ [sincp-sin(a-(p)] + -^-sin(0-<p). 


Tim -a(8-a) | T m 

i D - f sin cp - sin(a - cp)l + —-. - e a(0_7 °. sin (p 

D Z (l-e^) 1 J Z 

R 

Trong do: a = -—(dien tro va dien khang cua tai); X L - coL ; Z = 

^/r 2 + X 2 , ; cp = arctgf — |; a, 8 la goc md va din cua thyristor. 

R / 


i- 
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Vide ph&n tich so do tr6n d&y de xac dinh cac gia tri tufc thbfi cua dong 
dien cho thay mac dii day la mot so do don gian nhung k£t qua lai hohn loan 
khong don gian. Chinh vl vay ma nguoi ta phai dung mot so gia thiet g3n 
dung de don gian hoa qua trinh ph<in tich cac so d6 nhung viln dam bao dd 
chinh xac can thiet cho thuc te Cmg dung. Do la each ma ta se ap dung cho 
cac so do sau day. 

2.3. Chinh luru mot pha, hinh tia 

23.1. Chinh luu didt 

Chinh luu 1 pha hinh tia cau tao tir may bien ap va hai diot D,,D 2 nhu 
duoc the hien tren hinh 2.5. Phia thtf cap may bien ap bao g6m hai nira cuon 
day co cue tinh nhu hinh ve. Do do dien ap thu c&p may bien ap u 2} , u n c6 
gia tri bang nhau nhung nguoc pha nhau 180°. 



a) b. 


Hinh 2.5. So d6 nguyen ly chinh heu l pha . hinh tia . 
a) tai thuan tra; b) tai tra cam L-R, trong do L-oo 

6 nira chu ky dien ap nguon, khi u a( >0, u bt <0 didt D t thong nen dien ap 
tren tai u J =u (lr =:u at . 6 nira chu ky sau dien ap ngu6n d&o cue tinh, u ur <0, 
u b( >0, diet D 2 th6ng va dien ap tren tai « d =n*. Ket qua la dien ap tren tai u d 
co dang d&p mach vdi cue tinh di6m d duong hon so vdfi di£m c. Do chinh la 
ket qua cua qua trinh “chinh luu”. 

Dang dien ap va dong dien cua cac pMn tu tren so d6 utig vdi hai loai tai 
thudn tror va tra cam duoc bieu dien tren hinh 2.6, (a) v£t (b). 
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a) b) 

Hinh 2.6 . Dang dien up va ddng diin cua cdcphdn tictven sadd hinh 2.5. 
a) tdi thudn tea; b) tdi tra cam. 

23.1.1. Xet fritting hap tdi thudn trd 

Gia tri tufc thai cua dien ap phfa so c£p may bi£n ip: 

U] = Uf“sin(G>t) = Ursine 

Gia tri tire thoi cua di£n ap phfa thtf ci'p may bi£n ap: 

u 2 i = u 22 = U™ sin(cot) = U™ sin 8 
Trong do : <o = 2nf : tin s6' goc; 

0=a)t: goc; U™ ,1^ : gia tri bi£n dd cua dien ip. 

Vdi dang dien ip chinh lull u d nhu tr6n hinh 2.6.a, gia tri trung binh 
dien ap chinh luu bang: 

U d =i}u?sin0d0 = ^ ( -cos0) -2V2U, 

*o 71 0 n n 

U d *0,9U 2 

Vdl *?* thua ' n trd d?ng dong dien tren tai lap lai gidng nhu dang dien 
do do gia tri trung binh dong tai co the’ dupe bie’u dien qua gia tri bien 
tuong tir nhuddi vdi dien ap: 




Dong trung binh qua diot bang: 


T —I — ^ 
l D\ ~ l D2 -~ 

Gia tri hieu dung dong qua cudn thur cap may bi£n ap bang: 


I 2 =. 1 ^ 1(12 sin0) 2 d0 


'271 


0 


Vofi luru y gia tri bien do cua dong i 2 bang gia tri bi£n do ciia dong i 0 , 
ta co: 

ym Tin 

h =Id = — 


do do: 


h = 


m 


yfln 


1 J(sin0) 2 d0 


m pi 


yfln 


I? 




1“ cos 20 


)d0 


V^V2L 2 


6--(sin 29) 


T m "rr 

= zL-^\ 


Dong qua cuon so cap may bien ap co dang sin nen co gia tri hifcu dung 
bang: 


i =X.__LJL 


._, _ *_[d_ 

11 s /2 sfi kta ~ 2%/2 kfe 

trong do ^=f//C/ 2 la ty s 6 miy bi£n ap. 

Cong sua't tinh toan may bi£n ap bang: 

_ Si + S 2 

^ba “--- 

Trong do: S, = 2U 2 I 2 = 2^U d ^ = -^=P d 

2V2 4 4V2 

S, =k ta U 2 I, = 


2V2 2V2 kba 8 
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n‘ 


_ + ^Pd = —f-r+-V» - L ' 48p o 

4^ 8 d *{J2 2j 


■ Co the thay rang VS,. Do la vl dong qua cu6n thur cap may biSn ap co 
dan^klg ddi *£b* thdc (cudi c*ng) no, !6„ rang de dam bao mpt Cng 
sua’t chinh Liru la P u cong su£t lap dat may bien ap pha, 1cm hon P d ,48 . 

Dien ap ngugc \6n nh£t tren di6t b&ng: 

U ng , milx =2U?=2^U 2 

2.3.1.2. Xet tnrcrng hap tai tv a cam 

Da don gian cac qua trinh tinh loan gia sir rang dien cam tai co gia tri y6 
cung lcm, L,=qo. V6i gia thiet nay dong tai coi nhu duoc la phang oanoa " 
va dong qua cac di6t co dang xung chQ nh&t v6i bien do bang dong 4 Djeu 
nay dan den sai s6 trong tinh loan khoang 15 - 20 % so von thirc te n g 
cac k£t qua tinh loan la hoan toan co the ch£p nh&n dugc. 

Dien ap chinh luu van co dang giong nhu tnrcrng hop tai thudn trd, do do 
gia tri trung binh bang: 

12 U? 2V2U2 

Ud ~ re tt rr 

Dong hieu dung thur cap may bien ap bang: 


h = 


i 


t¥ M ‘T 2 




Dong hi6u dung so cap m ay bien ap ap ba ng: 
li = 


1 2 rf T V la 

_L f d0= — 
2 n £ \ kha J 


Cong su£t tinh toan may bien ap bang: 

S 1 . 

2 


$ba — 


n 


S2 = 2U2I2 - 2 u d 


P 

—r? 

42 2 


S. = U,l, = ktaUjI, 2 fi Pd 
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Sba =-[—+ 

2 2 2V2 


Pd=— 1+-!t p d *l-34Pd 


Co the tha'y trong trucmg hop tai tra cam cong suat tmh toan MBA yeu 
cau nho hon so vdi trucmg hop tai thu^n tra. 


23.2. Chinh hru mot pha thyristor hinh tia 

Dang dong dien, dien ap cua cac ph£n tu tren so d6 vdi tai thuan tror ya tra 
cam duac bieu dien tren hinh 2.8, (a), (b). 

Tai thu£n tra R,; (b) Tai trd cam R-L, L,=co. 



Hinh 2.7, Chinh hni co dien khien mot pha . co diem gii(a 
a) Tai thuan tro; b) Tai trcream; c) Tai co site phdn dien dong. 



Hinh 2.8. Dang ddng diin, diin dp cua cac phdn tic trin so do hinh 2.7. 
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2.3.2.1. Xet tai thudn trd 

Trong khoang 0 < 0 < n , dien ap u ac > 0, u K .< 0, khi do thyristor Vj co the 
mcf duoe neu co tin hieu di&u khien. V, nhan ducfc tin hieu dieu khi^n tai 
thdi di£m 9-a. Goc a goi la goc diSu khien. Khi V 2 md thong di6n ap tren 
tai lap lai dang dien ap u ac . Dong i d co dang lap lai dang dien ap u d . 

Bat dau tu 0 = n, dien ap ngu6n doi diu thanh u ac < 0, u K . > 0, nen V, $e 
khoa. Do V 2 chua nhan ducfc tin hieu dieu khien nen V 2 chua dan, vi viy 
trong khoang n < 0 < re + a dong va ap tren tai deu bang khong. 

Tai 0 = n+a, V 2 nhan dtfOc tin hieu dieu khien va bit dau mcf th6ng. Khi 
V 2 md thong u d = u K . 

Dien ap tren thyristor V, bing 0 trong khoang a < 0 < 7t khi V, din. 
Trong cac khoang O<0<ava7t<0<7i-i-a khong co thyristor nao din. 
Trong trudng hop ly tudng khi V,, V 2 khong din dien trd tuong duomg giua 
anot-catot bang oo. Trong thuc te dien trd nay la hun han. Gia sir khi V,, V 2 
khong din dien trd tuong duemg cua chung bing nhau, do do dien ap tren 
m6i thyristor bing nhau va bing mot nira dien ap u ah . Vi du doi vdi khi do 
u v . = u ac =(l/2)u aS . 

Tir 7i+a den 2 jt, V 2 din, khi do u V] =u ah =2u at . 

Gia tri trung binh cua dien ap chinh ltru: 

U da = — ju™ sin0dB - ——(-cos0) I* - ——(l + cos a) 

n J 7i a n 

a 

_ 2 U 2 (1 + cosa N 

> 


V6i luu y 

K 


chinh la dien ap chinh liru d so d6 khong dieu khi£n, ta 


*_ f i 2U? 

dat U d0 =-, do do 
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u du 


= u d0 


1 +cosa 


U d a the hien dac tinh dieu khien cua so do co dieu khien, nghia la su phu 
thude cua dien ap chinh liru vao goc dieu khien a. 

Khi a~0 -r 7c, U da =U d0 -r 0. 
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2322. Vai tai tier cam, L,=oo 

Vdi gia thie't dien cam tai la vo cung ldn, dong tai se dupe coi IA dupe 1A 
phAng hoAn toan, i d = I d . 

Thyristor V, bAt dAu din tu thdi diem 0 = a. Tir n de'n 7t+a, V 2 chua nhAn 
dupe tin hieu dieu khi^n nen chua dAn. Trong khoang nay dong vAn chay 
theo chieu cu vdi gia tri bAng I d , vi v&y V, vAn tie'p tuc phai dAn dong. Do V, 
dan n£n di6n ap tr£n tai tie'p tuc lap lai dang cua u ac , dAn den xuAt hien phAn 
dien ap am tr6n dien ap chinh luu. 

Gia tri trung binh cua dien ap chinh luu: 

U da =— fu^sinBdQ- ——(-cosO) P +a = —^-2cosa = U d0 cosa 
n J n ** n 

a 


Nhu vay khi a = 0 - j-. = U d() ^0 


Co Xhi thAy tr6n d6 thj, khi a = phAn dien tich duong va Am tren ducmg 
dien ap chinh luu bAng nhau nen U K = 0. 

cl— 

o 


Vori tai trd cam V l va V 2 thay nhau dAn. Khi V 2 dAn u v , - u ab - 2u ac , do do 
duemg dien ap tren Vj kh6ng co nhutig doan nhay cAp tai thdi diem 0 = Ti+a 
nhu trudng hop tai thuAn trd. 


2323. Vdi tai to site phdn dien dong (s.p.d.d) (R-L-EJ 


Dong vai tro s.p.d.d la 
m6t ngu6n E d nao do a trong 
mach m6t chieu, co cue tinh 
can trd ddng i d , nghia la dong 
i d di vao d cue duong va di ra 
d cue Am cua E d . Trong thuc 
te' vi du vi s.p.d.d co the la 
mot Acquy trong chi dd nap 
dien hoac s.d.d cua mach 
phAn ung ddng co dien m6t 
chieu nhu dupe bi£u dien 
tren hinh 2.9. 



Hinh 2.9. Vi du ve s.p.d.d; 
a) acquy dang nap dien; b) E, t = K0o)S.d.d 
much phdn itng dong co dien mot chieu. 
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S.p.d.d thtfcmg thay ddi theo thcfi gian hoac theo ch£ d6 \km viac. Vi du 
s p d.d la difen ap trfen hai ale cua acquy se tang din sau mdt qua trinh nap. 
Vdi ddng ca difen mdt chifeu E d =K<Dco, trong do K la h5ng s 6, O la tit thOng 
dong co, co la l6c do goc true ddng co. Vc)y E d se phu thude tdc dd ddng CO 
va gian tife'p phu thuoc tai ciia dOng CO. VI du nhu khi khoi ddng thl co=0, do 
do E d =0. Sau khi khdi dong t6c dd ddng c a se la co nao do, nfen E d * 0. 

Vi s.p.d.d thay doi trong qua v, 

trinh lam vifec nfen tinh chat can -1 

tret ddng difen cua no cung thay 0 -i J ^ 5 L( 

doi. Khi E d ldn thi i d co thfe co gia . Ui < _L " £ 

tri rat nho, vi v$y trong tnldng hop i f~ 0 T + M R, 

nay ta khdng the gia thiet difen & m E| 

cam tai la v6 citng ldn de don gian —1 -1 

cac tlnh toan dupe. Ly do la vi khi Vj 

dong tai nho nang lupng ti'ch luy 

trong L, qua nho, khdng thi duy ^ ^ ^ ^ ^ ^ ^ s p d J 
tri ddng ij lien tuc dtfpc. 

Hinh 2.10 va hinh 2.11 gidi thifeu so dd chinh luu co s.p.d.d va cac dang 
dong dien va dien ap cua sa do. 





Hinh 2.11. Cac die dd ddng dien . 

a) dang dong dien lien tuc; h) die do dong t&i hqn; c) die do ddng gian doan . 





Phuong phap phantich d day la phai phan biet che dp dong tai lien tuc, 
gian doan va dua ra cac dieu kien tuong img vci cac ch€ dp nay. 

Vipc phan rich cac yeu to anh hudng den dong dien, dipn ap tr£n tai trong 
so do chinh lint co s.p.d.d. kha phtfc tap, do gidi han cua chirotig trinh nen 
khong d& cap a day. 

2.4. Chinh Iiru cau mot pha 

Chinh liru cau mot pha co nhieu tlnh chat giong nhu chinh liru mpt pha 
hinh tia. Vi vSy cac ph&n rich sau day se chi chu trong den nhung diem khac 
biet giua hai so do, do la kha nang su dung cdng sua't may bien ap va dien ap 
tren cac van. 


2.4.1. So do khong dieu khien 

Chinh luu cau mot pha co cau tao tir 4 diot, va D, co catot chung, D 2 
va D 4 co anot chung (hinh 2.12). So do co the dung may bien hoac ndi true 
tiep vao lucfi dien. Cac diot trong so do din dong theo timg cap, D, ciing D 2 , 
D, cung D 4 . K€t qua la dien ap tren tai u d lap lai dang cua u 2 nhung da dupe 
“chinh luu” lai d£ co dang mot chieu dap mach. 



Hinh 2.12 . Chinh luu can mdt pha . 
a) Tai thudn tret; b) Tai Xrd cam L-R , L f =co. 

Dang dong dipn, dipn ap cua cac ph&n tur trdn so d6 ung vdi tai thu£n trd 
va tai trd cam dupe bieu didn tren hinh 2.13. 

1. Tdi thudn trd 

Vdi dang dien ap chinh luu nhu tren d6 thi hinh 2.13 co th& tmh dupe 
dipn ap chinh luu trung binh bang: 
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a) *>) 

Hinh 2.13. Dgng dong dien dp tren cdc phan tu so do 2A2. 
a) tdi thudn trd; b) tai tro cam. L,~^o 


U d = - [UJ sinGdG = -(-cos9) £ = ^3- = 2 ^ 2Xil « 0,9U 2 

Vdi tai thuan tr6 dang dong dien lap lai giong nhu dang di£n ap, vi v&y co 
thi bieu dien dong chinh luu trung binh qua gia tri bien d6 nhu sau: 


Dong trung binh qua di6t bang: 


l - 2 °. 
In — 


Dong i 2 co dang hinh sin, do do gia tri hi£u dung cua i 2 bang: 

1 = ^2 = j2 = 2^ 

Vi dong i 2 co dang sin nSn i, cung co dang sin, vi v&y: 

C6ng su£t tinh toan may bi£n ap: 

e ... + $2 

^ba ~ 
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Vi dong so cap va thur ca'p d£u co dang sin nen $,=$ 2 . Vay: 

S ba = U 2 I 2 = _^U d ^I d = ~P d * U3P d 

Bieu thuc tren cho tha'y so do cdu sir dung may bien ap t6t hon so do mot 
pha hinh tia vi c6ng suat lap dat may bien ap chi hon cong suat chinh luu 
ytu cau P d 1,23 13n. 

Dien ap tr6n cac diot, vi du u Dh se bang u 2 khi cap diot khac, vi du D v D 4 
dan. Do do dien ap ngupc Idn nhat tren diot se la: 

u„ 8 . mM = u? = >/2U 2 

So sanh vdi so d6 m6t pha hinh tia thi dien ap tren van trong so do cau chi 
bang mot nira neu cung phai cho ra mot dien ap chinh Itru U u . 

Tuy nhien trong so do c£u dong tai phai chay qua hai van noi tiep, vi v£y ton 
that ve di£n ap va cdng suat tren cac van se 16n hon so vdi so do co (him giua. 

Co the thay rang so do c3u se phu hop vdi cac ung dung yeu cau dien ap 
chinh lixu cao va dong nho, con so d6 hinh tia se phu hop voi cac irng dung 
y£u cau dien ap chinh luu tha'p va dong 16n. 


2. Tai tra cam 


Voi tai trcr cam U d van dupe biiu dian theo U d cua tai thuan tro nghia la: 


U,= 


2U ? 2-j2\J 7 


n 


it 


555 0,9U 2 


Dong trung binh qua cac di6t: 

i - h 

in- 


Dong thtf cap may bien ap co dang xung chO nhat doi xting vdi bien do 
bang I d , do do: 

Dong so cap cung co dang xung chu nhat dd'i xting, do do: 



5 -G T :.'lCb 
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D6\ v6i may bitn ap 

S ba = U2I2 = — J - U d I d “ 

Trong tnrcmg hop nay cong suat may bi£n ap yeu c<lu nho hon so voi khi 
tai la thu£n tro. 

Dien ap ngiroc lcm nha't tren van van bang: 

u n8 . ma * = U? = V2U 2 

2.4,2. S<r4d cam mdf pha c6 dieu khien (hinh 2.14) 

Dang dong dien, dien ap cua cac ph^n tir tren so do duoe biiu di&i tren 
hinh 2.15. Co the tha'y rang scr do c£u mot pha rat gid'ng vcri so d6 mot pha 
co di£m giOa ngoai trir hai di&n khac bi6t; 

Dong dien qua cuon thur cap may bien ap co dang d6i xting; 






Dang dien ap tren cac thyristor se chi co gia tri bang vdi u 2 hoSc mot nira 
cua u 2 chtf khong phai la gap doi nhu of so do co di&n gitfa. 


2.43. Sa dS cdu mot pha khdng doi xung 

So do cau mot pha co cac dang khdng doi xurng hay con goi la so d6 ban 
dieu khien nhu duoc biiu di6n trdn hinh 2.15 vdi tai trd cam, L t = oo. 

Dac diem cua cac so do khdng doi xung la didn ap tren tai khdng co ph£n 
am do tac dung cua cac didt. Vi vSy didn ap chinh ltru se du<?c bieu diin bbi 
cong thurc: 






1 + cosa 

~~ 2 


Mac du ca hai dang so do tren hinh 2.16 deu tuong dirong nhau vi mat 
dien ap chinh luu va cac vin de nang lucfng nhung so dd (a) co uu diim hon 
vi cac van se co phu tai nhu nhau. Ngoai ra hai thyristor V„ V 2 mic catot 
chung se tao kha nang diiu khien true tidp ma khdng cin bieh ap xung. 



Hinh 2.16. Cac dang khdng dolximg cua so do cdu mdt pha 


Luu y dang dong didn of d£u vao chinh luu co dang xung chtf nhit ddi 
xung vdfi do rong n-a (hinh 2.17). Neu xet din song hai bic nhit i (,) cua 
dong dien nay co the thiy i (1) cham pha so veri dien ap xoay chiiu it mdt goc 


a 


<P - — ■ Niu biet r^ng cos<p chinh la hi so' cong suit cua so dd thi so vdi so 


do dieu khien hoan toan co goc (p=a thi cac so d6 khdng ddi xung co hd sd' 
cong suit cao hon. Diy chinh la uu diim co ban cua cac so dd khdng ddi 
xung. Ngoai ra so do khdng ddi xtfng ddi hoi ft van cd dieu khien hon. Dieu 
nay din den mach di&u khien cung se don gian hon. 


67 




Hinh 2.17. Dang dong dien , dien ap cua cac phdn ti( tren so do hinh 2.16 
a) cho so d6 2.16a; b) cho so do 2.16b 


2.5. Chinh liiu hinh tia 3 pha 

2.5A. Chinh luu hinh tia 3 pha dung didt 

Chinh luu hinh tia 3 pha c£u tao iix may bien ap 3 pha va 3 didt D,, D 2 , 
D 3 . May bi£n ap c6 th £ co ca'u tao cudn day A/Y hoac Y/Y. 3 diot c6 th 6 da'u 
catot chung (nhu tren hinh 2.18), hoac dau anot chung. Phu tai Z, duac dau 
gitta diem catot chung (hoac diem anot chung) vdi diem trung tfnh N cua thur 
cap may bi£n ip. 


Hinh 2.18. Chinh luu 
hinh tia 3 pha 
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H6 thd'ng didn dp cung cip vao la hd thdng didn dp 3 pha vdi cung bidn dd 
va ldch pha nhau mdt g6c 120°. Gia tri tufc thdi cua didn ap ddu vdo Id: 

u A = Uj 11 sin 0; u B = U™ sin(0 + 

Uc - U}" sin(0 f ) 

Trong d6: 0 = cot - goc pha 

co = 2nf - tin s 6 goc; f- tin s6 didn ap ngu6n; 

U (m - gia tri bien dd 


Hd thtfng didn ap phfa thu: ca'p duoc bi£u didn tuong tu vdi bidn dd U™ - 

Di co the xdc dinh duoc van nao se din dong tai mdt then di£m nao do 
trong so d6 hinh 2.18 va cac so dd chinh luu nhidu pha ndi chung ta sir dung 
quy tic sau day: 

Trong cac van co catot chung, van nao co anot duong nhit, van do se din. 

Sir dung quy tic trdn day ta co d6 thi dang dong didn , didn ap cua cac 
phin tu trdn so dd nhu duqc bidu didn trdn hinh 2.19. 


Trdn d6 thi cac didm 0,, 0 2 , 0 3 , 0 4 , ... tai do cac duemg didn ap pha cat 
nhau, goi la cac didm chuydn mach tu nhidn. Tai cac didm chuydn mach tu 
nhidn mdt di6t mdi se vao din dong, di6t din dong trude do se khoa lai. Co 
thi tha'y ro didu dd qua vide xet khoang din cua ede di6t nhu sau: 

0,-r0 2 , u a ducmg nhit, D t din, u d =u a . 

0 2 -r0 3 , u b *duong nhit, D 2 din, u d =u b . 

0 3 *r0 4 , u c duong nhit, D 3 din, u d =u c . 


Didn ap chinh luu thu duoc la dudng bao phfa trdn cac dudng didn dp pha, 
dap mach ba lin trong mdt chu ky. Didn dp chinh luu trung binh duoc tinh 
cho trudng hop tdng qudt cua chinh luu n~pha. 


Hinh 2.20 thd hidn dang cua didn dp chinh luu u d cua mdt chinh luu n- 
pha. Didn dp chinh luu co dang dap mach n lin trong mdt chu ky. Mdi lin 

2n 

dap mach u d lap lai didn dp cua mdt pha vdi dd rdng —. Di tinh gid tri 

n 

trung binh U d se thuin tidn hon ndu bidu didn didn ap pha theo ham cos. Nhu 
vdy mdi lin dap mach didn ap chinh luu se duoc bi£u diin bdi mdt phin cua 

didn ap ludi giffa — va +—. 

n n 
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Hinh 2.19 . Do ihi ddng va dp cua cdc phdn iu trin sadd 2.18. ^ 


Do do: 

it 

+— 

Uj = —— fu^cosede 
2n * 

— ji 
n ^ 

71 

= — U?(sine)l + ; = ~U? sin— 

2tt 2 v -- n n 

n 

K£t qua tren chfnh la c6ng thufc tmh di£n ap chinh luru n-pha. 
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u? 


376 

2tc 


U 2 «1,17U 2 


I d =^iy 



//in/i 2.20. Dif/j c/p c/i/h/i 0 / 1 / 
M rf c/ia cAim/i ftfW m - pha 


Vcri chinh liru tia ba pha n-3, ta c6: 

rT 3 TTm . n 3^ 

U d =-U 2 sm—= — 

71 3 271 

Vcri tai thuin tret dang dong dien 
lap lai nhu dang difcn ap, vi vky ta 
cung co the bieu di6n gia tri trung 
binh I d qua gia tri bi£n do 1™ tudng tu 
nhu c6ng thtic tr£n: 

3 V 3 . 

271 

Dong trung binh qua diot bang: 

1 -k 

Id "3 

Gia tri bi£n d6 cua dong thur cap 
may bi£n ap I™ = I™» do do 

xm _ 2lL Lt 

2_ 3^ d 

Tir day co thi tinh duoc gia tri hi£u dung cua dong thur cap may bien ap 
bang : 

I 2 * 0,581a 

Dong so cap may bien ap co the xac dinh tir cac phuong trinh can bang 
sure tir d6ng trong mach tir. Gia sir tai thefi diem hi£n tai Dj dang din, nhu 
vay i a =i d ; i b =0; i c =0. Vdi mb hinh mach tir may bien ap nhu tren hinh 2.21 co 
the viet duoc cac phuong trinh can bang stfc tit dOng nhu sau: 

i A w, + i a w 2 - i B Wj = 0 

i B Wi -ic^i =0 

■ U + + ic = 0 

Trong 66 w,, w 2 la $6 vong day cua cudn so cip va thur cap may bi£n ap. 

Tir hai phuong trinh sau cua ht tren ta co: 


iB - l c - 

Tir phuong trinh thu: nhit co: 


1. 

- l A 

2 A 


71 



yi A w,+ i a w 2 =0 


2 w 2 . 21. 

U = ~~ "T — — T" *a 

3 w, 3 k ba 

. . 11. 

l B =1 C ““—‘a 

3 kba 

Cac ket qua tren co the dtfdc tinh tuctag tu cho cac giai doan D 2 va D* dan. 
Tur do co the tha'y duoc dang cua dong i A nhu duoc bieu dien tren hlnh 2.19. 

Tir hinh dang cua dong i A co the tinh duoc gia trj hieu dung cua dong dien 
phia so cap may bien ap: 

T.J_I 3.03^1=0,47^- 


k h , 4 V bl 2 


Cong suat tfnh toan may bien ap: 

c _ S] + S 2 

s ba -^- 


S, - 311,1, = 3kfaaU2l] = 3—p” 0,47^ - l,21P d 

1,1/ 


S2 = 3U 2 1 2 = 3—^-0,581^ = l,49P d 

1,1 / 


Sb„ = “(1-21 + l,49)Pd = l,35P d 

Ket qua tinh loan chung to rang cdng sutft tinh toan may bie'n ap phai 
bang 135% c6ng suat chinh luu yeu c&i P d . 

• Dang dien ap tren van 

Tir so do tren hlnh 2.18 co thi th£y rang khi D 2 dan thl dien ap tren D, 
bang dien ap day u ab , khi dan thl dien ap tren D, bang u aL .. Di£u nay duoc 
bieu dien tren do thi dang dien ap tren van trong hinh 2.19. Do do dien ap 
ngupc lcfn nhat tren yan bang bien do cua dien ap day: 

U ng , max =U a m b=^V3U 2 =V6U 2 

• Hien tuong tir hoa cuong bu*c m6t chieu 
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Trong chinh liru tia ba pha c6 hien tacmg may bien ap c6 th i bi tir hoa 
cudng but mot chi£u. Dieu nay co thi co anh hudng manh d£n ch€ do lam 
vide ciia may bi£'n ap. De co khai ni£m ve hien tuong nay ta hay thtr tinh 
toan sure tir dong t6ng trong ba tru cua may bien ap tai mot then diem nao do, 
vf du khi D, dang dan. Theo md hinh mach tir d hinh 2.21 ta co phirong trinh 
can bang sue tir dong co dang: 

R) = Fa + fk + F c 

Fa = *A W I +»aW 2 
Fb = lB w l 
Fq - i c W| 

Nhu vay lb = wj (i A + i B + ^) + i a w 2 = i a w 2 

Ke't qua cho thay tai mot thcri dilm ba't ky, sue tir dong tong F () la khac 
khong, hay noi mdt each khac la may bien ap bi tit hoa cudng buc mot chi£u. 

Tir hoa cudng birc mdt chieu xuat hien ngay ca trong md hinh may bien 
ap ly tuong. Di6u nay din d£n xuat hien dong tir hoa I„ lam nong may bi£n 
ap, nhu duoc mo ta tren hinh 2.22. 

Do do trong thuc t€, khi sir dung so d6 tia 3 pha thi may bien ap phai co 
cong suat I6n hon d tir 10 den 15%. Co the dung cac each dau day phire tap 
hon de diet dong tir hoa I<„ vi du nhu each dau day zich-zac nhu duoc the 
hien trdn hinh 2.23. Noi chung do each d£u day phire tap hon thi ton hao 
trong may bien ap cung tang len. Vi ly do nay ma chinh liru hinh tia ba pha 
chi thich hop cho cac chinh luu yeu ciu cong sua't nho. 



Hinh 2.21. Md hinh mach tit ciia mayhien ap ba pha. 
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Hinh 2.22 . Su xttat hi£n ddng tit hod 1 0 do Hinh 2.23. Cach ddu day zic-zdc 

Stic tit dong tSng khdng bi triet tieu. de triet tieu ddng tit hod In- 

2.5.2. Chinh luu tia ba pha , so dd cd dieu khien 



a) b) 


Hinh 2.24. Chinh htu tia ba pha co dieu khien 
2.5.2.1. Xet tdi thudn trd (hinh 2.25a) 

Trong cac so do nhilu pha goc dieu khi&i a ducrc tinh tCr cac diem 
chuy£n mach tu nhifcn, do la cac diim ma di£n ap ngu6n c£t nhau 0,, 0 2 , 
0 4f „. Tai do trong so do dung toan diot cac diot tu chuy^n mach vcri nhau. 
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Trong khoang 0, + 0 2 u a dirong nhlt. Neu thyristor V, nh&n duoc tin hifcu 
di6u khi£n tai thdi di£m 0, + a , V, se md thdng, ndi tai vdi dien ap pha a, 
u d =u a . 

■Tai thcfi diim 0 2 + a, V 2 nhln dirac tin hieu dieu khien, V 2 md thong nd'i 
tai vdi dien ap pha b, u d =u b . Khi V 2 mo se dat dien ap nguoc 16n V, di khoa 
V, lai vi luc do u ab <0. 

Vdi tai thuln trd dong tren tai se lap iai nhir dang dien ap. Do do vdi goc 
dieu khiln a < 30° dong tren tai co dang lien tuc. Vdi a > 30° dong tai se 
blng 0 tai 0 = 180°, thyristor se khoa tu nhien d 0 > 180° va so d6 lam vi£c 
d che do dong gian doan. 

Ta co c6ng thue tinh gia tri dien ap chinh liru trung binh U d nhu sau: 

Vdi a < 30° 


3V3 

U da =-U 2 1 cos a = U d0 cos a 

27t 


Nhuf v£y khi dong tai la lien tuc, U da duoc bieu di£n bdi bieu thurc chung 
la U da = U d o cos a 

Vdi a>30° 


u da =f ) U 2 1 sin6d0 = 

2n n J 27i 

—+a 
6 


” 




7t 

+1 ] 

cos 

— + a 

_ 

) 


5tt 

Khi a - — hay a = 150° ta co U dct = 0. 
6 


Vly vdi tai thuln trd ndu goc a thay doi tur 0 d£n 150° thi U ja thay doi tir 
U d0 den 0. 


2.522 . Xet tai trd cam, L,=oo 

Khi dien cam tai coi la v6 cung ldn dong tai la lfen tuc va duoc la phang 

hoan toan. V! vly cac thyristor se ti£p tuc din dong khi dien ap pha da ddi 

cue tinh tai 7t, Vdi goc diiu khien a>30° tren dirdng dien ap u d se xul't hien 

_ ~. v - 2 71 

phan am. Mdi van tren so do se din dong co gia tri I d trong khoang X = —, 

nhu duoc the’ hien tren hinh 2:25.b. 

Dien ap chinh luu trung binh dupe bi^u dien bdi c6ng thde chung la: 

U da = U d o cos a 
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2.6. Chinh IiTu diu 3 pha 

2.6.1 . So do dilng diot (hinh 2,26) 

Chinh liru cSu 3 pha c£u tao tir 6 van, mtc theo 2 nh6m: D„ D 3 , D 5 mac 
catot chung, D 2 , D„, D„ mic anot chung. Thu tu ky hifiu c<fc van uen so d6 c6 
y nghTa quan trong vi 66 la thuf tq ma cac van se l^n ludt vao lam viac. 


p 



Q 


Hinh 2.26. Chinh hru cdu 3 pha 



■ Hinh 2.27. Dang ddng vd dp tren cdc phdn tu cua so 


d6 hinh 2.23 v&i tai thudn trd; 
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L b' 


So d6 ciu 3 pha cd the dung vdi may bie'n ap hoic kh6ng. 

D i Phan tich su lam viec cua so d6 ta sir dung qui tic vao din dong cua 
cac van cd catot chung va cac van co an6t chung. Truoc hft danh dau cac 
diem chuyen mach tu nhien, do la cac didm ina cac ducmg dien ap pha u„ u 4 . 
u c cat nhau, 0,. 0 2 , 0„ 0 4 ,0 5 - 06- ®t- nhu lr6n hinh 121 ’ 

Tir do co the thi'y trong khoang 0, + 9, pha a co dien ap ducmg nhit nen 
D; se din. D, din trong khoang 0 , * 65 , D? din trong khoang 0 , - 0 7 . 

Trong nhom anot chung, trong khoang 0 2 + 0 4 pha c co dien ap am nhat 
nen D 2 se din. D 4 din trong khoang 0 4 - 0 6 , D 6 din trong khoang 0„ - 0„. 

Nhom van catot chung din se lam cho the' cua dj£m P tren diu ra tai lap 
lai ducmg bao phia tren cua cac ducmg dien ap pha. Nhom van anot chung 
din se lam cho diem Q tren diu ra tai co the lap lai ducmg bao phia dudi cac 
dirdng dien ap pha. 


Ollg cuvii 

Neu do dien ap tai giua hai didm P va Q giua cac khoang lien tiep, co the 
th£y rang: 


Khi 0 i < 9 < 0 2 - D 6 , D, din. u d =u at , 

0 2 <0 <0,, D„ D, din, u d =u at 
0, < 0 < 0 4 , D„ D, din, Uj=u K 
0 4 < 0 < 0 5 , D„ D 4 din, u^u^ 

0 5 < 0 < 0 6 , D 4 , D, din, u d =u„ 

0 6 < 0 < 0 7 , D„ D 6 din, u d =u ch 

Nhu viy dien ap chinh luu co dang dip mach 6 lin trong mot chu ky, moi 
lin lap lai mot phin cua dien ap day. 

Gia tri trung binh cua dien ap chinh luu cd the ducrc tinh theo cdng thuc 
t 6 ng quat cho chinh luu n-pha nhu sau: 

TT 6 TTm . it 3U& 

U d =-U 2 .isin- =- 


7t 6 n 

Trong do U 2Jm la gia tri bien do cua dien ap diy. Bieu dien U d qua diet 
ap pha , ta co: 

3v'3U? 3^6 


U . 4 = 


-U 2 * 2,34U 2 


n 71 

Co t^ thiy ring vdi ciing mdt dien ap U 2 thi dien ap chinh luu 6 set d 
cdu 3 pha ldn gip doi so vdi so dd tia 3 pha. Dieu nay hoan toan cd ly \ 
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chinh luu ciu 3 pha c6 th£ coi nhu dupe cau tao tit hai sd do tia 3 pha mk 
noi ti6'p. 

V6i tai thu<m trd dong di6n co dang nhu dang dien ap, vi vay: 


Ih = 


31 ? 

71 


Dong xoay chieu dau vao chinh luu co dang ddi xutig nhu dupe bi^u dien 
tren hinh 2.26. Gia tri hidu dung I 2 khi tinh toan dupe: 


I 2 « 0,816I d 


Do dong thuf cap may bien ap co dang doi xu*ng nen: 

S ba =S 1 = S 2 = 3U 2 I 2 

Sir dung cac ket qua da tinh di6n ap U d va dong I d ta co: 

S, a =l,05P d 

TCr day ta thay chinh luu c£u 3 pha la so d6 su dung may bi£n ap hi£u qua 
nMt vi cong su£t may bi£n ap chi lorn hon c6ng su£t chinh luu yeu c^u P d 5%. 

Dong trung binh qua van = 

Di£n ap ngupc Idn nha't tr£n van U ng max - U?| hay U ng max = >/6U 2 


2.6,2. Chinh luu cdu ha pha , co dieu khien (hinh 2.28) 


ft 


* 
a) 

Hinh 2.28. Chinh hat cdu 3 pha , co dieu khien 
a) tdi thuan trd; b) tai trd cam. L, - co. 


P 



q 

"v, 2 

f v. 

_ 

fit - * 


, . b 



f* - 




*- 

- 

Z 


^V, 2 

L 

f — 


Q 



2.62.1. Xet tdi thuan trd 

Vdi tai thu&n trd dang dong di&n, dien ap tren cac phdn tu dupe cho tr£n 
hinh 2.29.a. Goc diSu khi^n a dd£y dupe cho vi du bang 45 
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Hinh 2.29. Dang dong diin, dien dp tren cdc phan ti(so d6 hinh 2.28 . 
a) tdi thuan trd; b) tai trd cam. L, = oo. 

Tr6n do thi di£n ap cac pha ta biiu dien qua trinh di£u khien cac van 
ri6ng re cho cac thyristor nhom cat6t chung va nhom anot chung. 
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Dudng bao phia tren cua cac dudng dien ap pha cho ta hinh dang th£ cua 
diem ra tai P khi V„ V 3 , V 5 duoc dieu khien vdi goc a so vdi cac diem 

chuyen mach tu nhien. . 

Duong bao phia dtfdi cua cac dudng dien ap pha cho ta hinh dang the cua 
di£m ra tai Q khi V 2 , V 4 , V 6 duoc dieu khien vdi goc a so vdi cac diem 

chuyen mach tu nhien. 

Dang the' cua P va Q so vdi di6m trung tinh cua nguon giong vdi dang 
dien ap ra cua cac chinh luu 3 pha hinh tia. Neu do dien ap giOa P va Q ta co 
ductc dien ap ra ciia chinh luu cau 3 pha duoc bieu dien tren he thong dien ap 

d4y u ab , u at , 

Vdi tai thuan trd dang dong tren tai lap lai giong nhu dang dien ap u d . 1 
v&y vdi goc dieu khien a < 30°dong tren tai la lien tuc. Ta co: 


0 < a £ 30° Uja = UjdCosct 

Vdi a > 30" dong ij se bang 0 d goc Jt doi vdi dudng dien ap day khi dien 
ap nay bat dau doi cue tinh. Khi do dong dien se gian doan va sau khi tinh 
toan duoc: 

u ta =—u 2 
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f 71 ^ 

1 + cos 


_ 

l 3JJ 


u 


da 


• 2n 
= 0 khi a = y. 


Nhu v£y vdi tai thu&n trd khi a - 0 -5- — thi U^a * 0- 


2. 6.2.2. Xet tai trd cam , L, = co 

Vdi tai trd cam dang dong dien, dien ap tren cac phan tu duoc cho tren 
hinh 2.29.b. Goc dieu khi6n a d day duoc cho, vi du bang 75". 

Tren d6 thi dien ap cac pha ta bieu dien qua trinh dieu khiin cac van 
rieng re cho cac thyristor nhom catdt chung va nhom andt chung. 

Dang the cua P va Q so vdi diem trung tinh cua nguon gidng vdi dang 
dien ap ra cua cac chinh luu 3 pha hinh tia. Neu do dien ap giOa P va Q ta co 
duoc dien ap ra cua chinh luu cSu 3 pha duoc biiu dien tren he thong diSn ap 
day u ab , u at , u^, iiy^, u ca , u cb ... 

Do dong tai duoc coi la phing hoan toan nen trude khi mdt thyristor nh&n 
duoc tin hieu dieu khien de md ra thi dong v4n chay qua thyristor dang dan 
trude do. Vi vay co the xuat hien phan dien ap am tren dudng cong dien ap 
chinh luu u d . 


6 GTDTCS 
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Vdi dong tai la lien tuc ta ludn co: 

U da “ U d0 cosa 

V|ty vdi tai trd cam thi pham vi dieu chinh cua goc a la tur 0* den 90°. 

2.6.23. Van de dieu khien cac thyristor trong chinh luu can 3 pha 

Trong chinh luu c&u 3 pha d m6i mdt thdi diem b£t ky dong phai chay 
qua hai van, mot thudc nhom catot chung va mot thudc nhom an6t chung. Vi 
vay neu dieu khien cac thyristor bang cac xung ng&n thi so d6 se khong th£ 
khdi dong duac hoac khong lam vide dude trong che do dong tai bi gian doan. 

Trong thuc te v£n d& trdn duac giai quyd't bang mot trong hai each sau day: 

1. Dieu khien bang he thd'ng xung kep. Theo each nay mdi thyristor khi 
nhan duac tin hieu dieu khien thi xung dieu khi^n do cung duac lap lai a 
thyristor da vao lam viec ngay trude do. Ket qua la m6i thyristor se duac 
dieu khien bdi 2 xung, each nhau 60°. Dieu nay duac minh hoa tren hinh 
2.29a vdi cac tin hieu dieu khien cac van V,, V 2 , V 3 , V 4 , V 5 , V 6 . 

2. Dieu khien bang xung rang. Theo each nay m6i thyristor se nhan duac 
tin hieu dieu khien co dd rdng ldn han 60". Thdng thudng xung phai co do 
rdng khoang 100°. Tuy nhien viec truyen cac xung co do rdng nhu v&y doi 
hoi cac bi£n ap xung va khau khuech dai xung co kich thudc va edng suat 
qua ldn. 

Cach giai quye't la bam xung co do rong ldn thanh met chum xung vdi do 
rdng nho han bang each trdn xung rong vdi xung tin sd' cao (t2n sd' cd 8 - 10 
kHz.ung vdi chu ky xung cd 125 - 100ps). Cach didu khien nay goi la dieu 
khien bkng xung chum. Hinh 2.30 md ta each tao xung chum tai t2ng 
khudeh dai xung. 
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2.6.3 . Chink luu cdu ba pha khong doi ximg 

Chinh luu c2u ba pha co dang khong doi xting, trong do mot nhom van 
an6t chung hoac catot chung dirge thay the bang diot. So d6 dugc tfng dung 
nhi£u la nhom van cat6t chung dhng thyristor, con nhom van anot chung 
dung di6t nhir dirge chi ra tren hinh 2.31. So d6 nay co iru di£m la co the 
di6u khien cac thyristor m6t each true tiep ma khong can each ly bang bi6'n 
ap xung. Dieu do co the ap dung neu nhu so do lam viec vdi dien ap th*p, vf 
du nhu m6t ngudn han ho quang m6t chi£u. 


J 

t v 3 i 

t v s 11 







C 0- 

DW 

i D«~ 

Li 


z, 


Hinh 2.31 . So do edit ba pha khong doi xung. 



Hinh 2.32. Dang dien dp chinh luu trong so do cdu ba pha khdng dd'i ximg 
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U'u the' CO ban cua cac so db khbng db'i xiing la dung it s 6 van co di6u 
khien, he s6' cdng suit cao hon. Tuy nhien nhuoc diem cua cac so db nay 
la sb l£tn d4p mach cua dien ap chinh luu phu thubc vao goc dibu khien a. 
V6i g6c a nho dang dien ap ra gan gibng nhu b chinh ltru cbu dbi xung, 
tuy nhien khi goc a tang len dien ap ra chi con dip mach 3 lSn trong mbt 
chu ky. iTu nhupc diem kb tren cua so db duoc minh hoa qua do thi dang 
dbng dien, dien ap vdi cac goc dibu khibn khac nhau tren hinh 2.32. Cac 
thong sb co ban cua so db gid'ng nhu b so d6 ciu dbi xung nhu da duoc 
trinh bay b tren. 

2.7. Chinh luu 6 pha, c6 cubn khang can bang 

2.7. /. S<x do dung didt 

So do chinh luu 6 pha, cb cubn khang can bang, nhu duoc bibu diln tren 
hinh 2.33, bao gbm may bie'n ap dbng luc, cubn khang cfln bang C cb , 6 dibt 
chia lam hai nhom D„ D 3 , D 5 va D 2 , D 4 , D 6 . 

May bie'n ap cb ca'u tao Y/YY hoac A/YY, co hai he thbng dien ap thur 
cap a, b, c va a’, b’, c’. Cac cubn day tren mbt pha a, a’; b, b’; c, c’ co so 
vong nhu nhau nhung cb cue tinh nguqc nhau. Nhu viy dien bp cac pha a b, 
c, a’, b\ c’ tao thanh mbt he thbng dien bp 6 pha nhu duoc bieu dien boi 
bibu db vecto tren hinh 2.33c. Tuy nhien cac cubn day thur cap may bie'n ap 
cb hai dibiTi trung tinh rieng biet, P cho a, b, c va Q cho a’, b\ c’. P va Q 
dirac n6i vdi nhau qua cudn khang can bang L cb . 

Cu6n khang can bang, duoc biiu di6n tr£n hinh 2.33b, co c£u tao nhu 
mbt may bie'n ap tu ngiu. Vbi mach til hinh chO O va hai nua cubn day 
nhu the hi6n tren hinh ye, dbng i d di vao tit diem M se duoc chia lam dbi 
va cubn khang se o trong che' db can bang sdc tit dbng nhu mbt may 

bi£n 

Cac dibt chia liun hai nhom, mbi nhom se lam viec dbc lap nhu mbt so db 
tia ba pha. Su chbnh lech vb gia tri ttre thbi b dbu ra cua hai so db tia 3 pha se 
roi tren cubn khang L cb . Dang dbng dien va dien &p cua cac phan tit tren so 
dd duoc bi£u di^n tr£n hinh 2.34. 

Db thtfy duoc vai tro cua cubn khang can bang ta hay xet mbt thbi dibm, 
khi dibt D, va D, cung dbn. Khi db ta cb so db tuong duong nhu o 
hinh 2.35. 
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Hinh 2.35. Mach dien tuang 
dticmg cua sadd khi D f va 
D 2 ciing ddn. 



Theo so 66 tucfng duomg ta co cac phuang trinh can bang dien ap sau: 
u NP =u a =u NM +u MP 

U NQ = U c — U NM + U M Q 

C6ng hai ve cua he phuong trinh tren ta co 

2u nm = (u a + u c .) ± (u MP + u MQ ) 

Do cuon khang lam viec nhu m6t bien ap tu ngau ndn: 

U MP = U QM = ~ U MQ. 

Do do 

U NM = U d = (Ujj+uJ/2 
U PQ = U PN + U NQ = -U a + U c 

Dua vao cac bieu thuc tren co the ve duoc dang dien ap chinh liru u d \ 
dien ap tren cu6n khang can bang u ch =Upg nhu tren hinh 2.34. 

Tir so do tuong duong hinh 2.35 cung co the thay rang ton tai mot don 
can bang i ch moc vong qua cuon day may bien ap. Dong can bang dong vj 
tro nhu dong tut hoa cua cudn khang can bang L cb . Dien cam L e . b phai co gi 
tri du 1dm de han ch£ dong can bang 6 mire d6 cho phep. 

Dien ap tren cu6n khang co dang gan nhu rang cua. Mot each g£n dun 
co th6 coi dien ap nay nhu hinh sin vdi bi6n do va co tdn sd bang 3 ia 
t£n s 6 dien ap nguon. Do do: 

u-Jfc-.i5L.Ji_ 

3©L C b 3(oL cb 6coL cb 

Trong thuc t£ c£n phai ban ch£ dong can bang 6 dudi mure 5-10% don 
tai dinh mure. 
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N£u chon l cb <0,ll d co the xac dinh gia tri c£n thie't cua dien cam L cb : 

L cb .-^- 

6(00,11^ 

Tit bi^u thurc U NM co th£ tha'y rang dien ap chinh luu trung binh trong so 
d6 co gia tri nhu trung blnh cdng cua dien ap dAu ra cua hai chinh luu tia 3 
pha, nghia la: 

1 Ifs 

Ud = »1,17U 2 

2n 

Do tac dung cua cuon khang cAn bang co the coi dong tai dupe la phAng 
hoan toan. Nhu vay gia tri hi6u dung cua dong dien thuf cap may bien ap bang: 

l2= ^2 S °’ 29Id 

Dong so dp may bien ap co dang d6i xirng v6i hai xung chu nhat co do 
2 n 

rong —. Vi v^y: 

I .-7 L 4*7 L °. 4Id 

*^ba v O Kba 


Cong suat tmh toan may bien ap bang: 

O „ $1 + S 2 
^ba --- 

r “it r t 01, ^ r 


= 3UjI] = 3kbaT~^7—0,4I d = l,03P d 
1,17 k ta 

S2=6u 2 i 2 = 6 -^- 0 ,29i d =i,49P d 

1,1/ 


S ba =l,26P d 

Dong trung binh qua di6t bAng: 

1 - Id 

In - — 


Di6n ap ngupc 16n nhAt trdn diot bang: 

Ung.max = >/6U2 

Bo qua dong tit hoa co th£ coi dong qua cudn khang c&n bAng bAng \J2, 
vi vay cong suAt cua cu6n khang co the tmh gAn dung bAng: 
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Sub=(U 2 /2)(Ij/2)=0 T 2 1 P d 

Khi dong tai nho hon 10% dong dinh mure, cac diet se khOng cho ph6p 
dong tvr hoa chay qua cudn khang c&n bhng. Khi do cudn khang c&n bang se 
mat tac dung ganh chju chenh ldch dien ap giua hai so do tia 3 pha. Trdn so 
d6 luc do the cua P va Q bang nhau vk do do so do trd thanh mot so do 6 pha 
thOng thirefng. Didn ap chinh luu trong tructag hop nay se b&ng: 

U d = — U? sin— * 1,35U 2 

71 6 

Dien ap nay lem hom so vdri gia tri d U d da tinh triroc do (1,17U 2 ). Day Ik 
dieu cin luu y khi thi£t ke neu so do phai lam viec vdi phu tai thay d6i trong 
pham vi rong va kh6ng co kha nang chju qua ap. Qin luu y rang mac du so 
do 6 pha co dang di6n ap ra dap mach 6 lan trong mot chu ky va dong trung 
blnh qua van bang m6t phdn sau dong tai nhung so do nay khong co umg 
dung trong thuc te vi trong so do co hien tuong tir hoa cudng buc mot chieu, 
tuong tu nhu 6 so d6 tia ba pha hay cac so d6 tia noi chung. 

2.7.2. So do dung thyristor 



Hinh 2.36. Dang dien dp chinh hfu Uj va dien dp 
tren cudn khdng can bang vdi goc dieu khien a-60 *. 
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Khi thay cac diet trong so do hinh 2.33 bang cac thyristor ta se co so d6 
chinh luu co dieu khien. Do tac dung cua cuon khang can bang hai so d6 tia 
3 pha se lam viec song song, doc lap vdi nhau. Vdi cac biiu thurc (U d ) va (U eb 
- Upq) co the ve dupe dang dien ap chinh luu u d va dien ap tren cu6n khang 
can bang nhu tren hinh 2.36. 

Co the thay rang khi goc dieu khien a tang len, bi£n d6 dien ap can bang 
tang len dang kl Gia tri dien ap tren cudn khang se Idn nhat khi a = 90°. 
Nhu vay trong so do co di£u khi£n cuOn khang phai dupe tinh toan vdi dong 
I d dinh mdc va dien ap vdi bien dd U? nhung tan s6 bang 3 iin tin s 6 dien 

ap ngu6n. 

Cau hoi on tap 

1) Hay neu cac dac tinh co ban cua mot so do chinh luu. 

2) Cac dac tinh co ban cua so do chinh luu: mpt pha nua chu ky, mdt pha 
co diem gifla, c£u mot pha, ba pha hinh tia, ciu ba pha, sau pha co cuon 
khang can bang. 

3) Hay so sanh chinh luu c£u vdi chinh luu hinh tia trong cac so do: mot 
pha, ba pha, theo cac dac tinh co ban cua mot so do chinh luu. 

4) Neu cac uu, nhupc diem cua so do c£u ba pha va so d6 sau pha co cudn 
khang can bang theo cac dac tinh cd ban cua so do chinh luu. 

5) Co the didu khi£n chinh luu cdu ba pha nhu the' nao? 

6) Hay neu cac tni, nhupc diem cua so d6 sdu pha co cudn khang c&n 

bang. 

7) So sanh uu, nhupc diem cua cac so d6 chinh luu theo dai edng su£t 
y6u c&u. 
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Chircmg 3 

CHUYEN MACH VA NGHICH LUtJ PHU THUOC 


3.1. Hien tirong chuyen mach 


Trong cac chuong trudc ta lu6n gia thiet cac phln tir trong so do la ly 
tircfng. may bien Ip chi don thuln la bd bien d6i mure dien ap, nghla la dien 
ap phfa thu cap lien he vdi dien ap phia so cap qua ty sd may bien ap; nguon 
cap dien xoay chieu thuln tuy la ngudn dien ap vdi trd khang trong bang 
khong; cac van la ly tirong vdi thdi gian dong md bang khong,... 

Trong thuc te dudng day cung cap nguon xoay chieu co dien cam, dien 
trdf, ban than may bien ap cQng co dien trd cudn day va trd khang tan cudn 
day. D6i veri cong suit ldn thong thudng dien trd thuln la nho, khdng dang 
ke so vdi trd khang tan. Tro khang tan cua cudn day may bien ap va cac 
thanh phln dien cam tren dirdng day tao nen dien cam tren dudng cap dien d 
dau vao cua chinh liru. Chinh thanh phan dien cam nay lam keo dai cac qua 
trinh chuyen mach giua cac van ban din, lam cho mdt van khi khoa lai thi 
phai co mot thdi gian di dong qua van giam din ve khdng, con mdt van mdi 
md ra thi cung phai mtft mdt thdi gian nhu vly de dong tang tir khdng de'n 
gia tri dong tai. Qua trinh nay goi qua trinh chuyen mach, thdi gian dien ra 
got la thdi gian chuyen mach. Liru y ring qua trinh chuyen mach xay ra 
ngay ca khi tir gia thiet ring cac van la cac phln tu ly tudng vdi thdi gian 
dong, clt va t k blng khong. 


L Khai nierrt ve tiff hong tan 

Hinh 3.1 mo ta mach tur 
va cudn dly cua mdt may 
bien ap don gian. Co the 
thly ring ngoai thanh phln 
tir thdng chmh O 0 moc 
vong trong loi sit may bien 
ap con co thanh phln tir 
thdng do co dong dien chay 
qua cuon day so clp va thur 
clp may bien ap, moc vong 
ngoai khong khf <D al , O a2 . 
Cac tir thdng nay goi la tir 



Hinh 3.1 . Mach tit va cudn day 
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thong tan. De m6 ta cac thanh ph3n tit thong nay trong so do tirong diron*; 


cua may bien ap, ta dua vao cac thanh phSn dien cam tan L aI = — 

h 


L a 2 ~ 


< ^ > a2 


. So do tuong duong cua may bien ap cho tren hinh 3.2 



Hinh 3.2. So dd tuong duong cua may bien dp 

Cac thanh pMn dien trcr r„ r 2 co th£ bo qua, con dien cam tan bien d6i vi 
phia thu: cap may bien ap thanh mot thanh phdn dien cam tan L a noi chung. 

2. Mach vong chuyen much 

Xet mach vong chuyen mach qua trudng hop so do hinh tia mot pha. 
Trong do mOi cuon thu: clip ducrc thay the' bdi mot nguon s.d.d nbi tiep vdi 
dien cam tan L a nhu duoc bieu dien tren so d6 hinh 3.3. 

3. LI. Chuyen mach trong sadd hinh tia mdtpha 



Hinh 3.3. Mach vdng chuyen mach 
trong so do tia mot pha. 


Hinh 3.4. Dang dong dien. 
dien dp trong qua trinh 
chuyen mach trong 
so do tia mdt pha. 



Tr6n s a do hinh 3.3 gia sir V, dang dan dong vdi = I d , cue tinh dien ap 
ngu6n dang nhu tr£n hinh ve. Nhu vay neu co tin hi£u di£u khien den V 2 thi 
V 2 se md ra vi di£n ap an6t-cat6t cua nd dang duomg. Tuy nhien do co didn 
cam L a trong mach nen dong qua V 2 khdng thd lap tdc bang voti 1^. Cung voti 
ly do nhu vay dong qua V, kh6ng thd lap turc giam tir I d vd d£n khong ngay. 
Trong qua trinh dong qua V 2 Idn ddn len den va dong qua giam d£n vd 
khong ca Vj va V 2 deu dan. Khi do ngudn dien ap u 21 , u 22 bi noi ngan mach 
tao nen dong can bang i a gitfa u 2l , V\, u 22 , V 2 . Dong can bang, hay con goi la 
dong chuyen mach, tang cudng dong qua V 2 va lam giam dong qua V,. Qua 
trinh chuydn mach didn ra rat ngan so voti chu ky dong cat cua cac van n£n 
co the gia thid't rang trong thdi gian chuydn mach dong tai I d van giu nguydn 
khdng ddi. 

Nhu vay trong giai doan chuydn mach ta co: 
iV1 ~ 

iv2 = i a 

Giai doan chuyen mach ket thuc khi 

ivi =0 

iv2 = h 
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Phirang trinh mach vong chuy&i mach c6 dang: 

2L a — = 2u 2 

dt 

Trong do u 2 = U m sin(cot) = U m sin0. 

Dat X a - (oL a bieu thirc tren turong duong voi: 
di a U" . A 

—■ =-sinO 

d0 X a 

Giai phirong trinh (vi ph&n nay) ta co: 

U m 

i a =-cos 0 + A 

Xa 

Tai thcri diem dieu khien 6 = a 3 i a = 0, do do . 

. U m 
A -cos a 

Xo 


U m 

Vay i a =-——(cosa-cos0) 

Goi y la khoang dien ra chuyen mach, nghla la voi 0 = a + y thi ta co: 

U m 

Id = -^—[cosoc - cos (a + y)J 


Hay [ 


cos a - cos 


(a + y)] = 


V2U 2 


Bieu thirc tim dirac cho phep xac dinh goc chuyen mach y phu thuoc goc 
dieu khien a , dbng tai I d va cac tham so cua so do A^, U 2 . 

Trong khoang y V, va V 2 ciing din, sut ap tren L a bang nhau, do do u d = 
Upq - u 21 -u 22 - 0, dien ap « d bj mat di mot phan la AU r , goi la sut ap do qua 
trinh chuyen mach (xem hinh 3.4). Gia tri trung binh: 

1“V i jm 

J U ra sin0d0 = —— |^cosa~cos(a + y)J 


Ket hop cac bieu thiic tren ta co: 

AU ~ ^ U 2 J dX a 

Y “ * V2U 2 “ n 
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v 4y: U da =U d0 cosa-AU Y = U d0 cosa-i^. 

71 

Phuong trinh U da thi hien su phu thuoc cua U d vao dong tai I d . Phuong 

trmh goi la phuong trinh dac tmh ngo!i cua chinh lim. D6 thi dircmg 
dac tmh ngoai th i hien tren hlnh (3.5). 

Theo phirong trinh dac tinh ngoai co the thay the' b6 chinh liru bang so d6 
tuong duong nhu hinh 3.6: 



Hinb 3.5. Do thi dwdng dac tinh Hinh 3.6 . Set do thay the 

ngoai cua chinh Iwu. twang duong mot chinh Iwu. 

3.1.2 . Chuyen mach trong sot do cau mot pha 


Xet. van de chuyen mach 
trong mot so 66 clu chinh luu 
m6t pha. So do tuong dircmg 
cua qua trinh chuyen mach 
duqc the hien tr£n hinh 3.7, 
trong do ngu6n xoay chi£u 
duqc thay the' bang ngu6n s.d.d 
u 2 ndi ti£p vdi diem cam tan L tr 

Trdn so d6 tuemg duong gia 
sir Vj, V 2 dang din, co tin hieu 
di£u khien dua de'n thyristor V 3 , 
V 4 . Se xay ra hien tuong 
chuyen mach giua V,, V 3 va 
giOa V 2 ,V 4 . Dong chuyen mach 



Hinh 3.7. So do twang duong cua qua trinh 
chuyen mach trong sadS cdu mdt pha. 
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bao g6m i aft i a2 . Phirong trinh cua mach vong chuyen mach se la: 

X a ^- = u 2 

a de 2 

X a ^.= u 2 

d9 

Cac dieu kien dau se la: 

0-a iai = la 2 = 0 

0 = <*+? ia! = ia2 = Id 

Trong qua trinh chuy&i mach: 

— i a i. 

V6i gia thiet cac phln tu trong mach la gi6ng nhau thi i tt/ -i a2 . Co the coi 
1 \>=L/ + K: 2 la dong chuyen mach chung, i a = 2i a] = 2i a2 . 

Vay phuofng trinh chuyen mach chung se la: 

2X a —= u 2 

de 2 

di a v/2U 2 

— =-sm0 

de 2X, 


V2U 2 


(-cos0) + A 


i'yt t 

tai 0 = a, i a i = 0 suy ra A = -——cosa. Vay: 

2X# 

^ U 2 / 

l a - —-r—(cosa - COS0) 
2X a 

Tai 0 = a +7 i a = 2i a j = 2^ = 2Id n6n: 

T ^ U 2/ 

id = ——(cosot-cosG) 

Xj, 


Trong khoang chuyen mach ca 4 van ciing din n6n u d ~0 (hinh 3.8). Vay 
sut ap do qua trinh chuyen mach bang: 

AU y = — J U m sin0d0 =--[cosa - cos(a + y}] 
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Hinh 3.8 . Sut dp do qua tritih chuyen mach. 


Tir do suy ra: AU y -- 

71 

2IdX a 

Vay: U da = U d0 cosa - AU y = U d0 cosa- 

7Z 

Do la phuong trinh dac tmh ngoai cua chinh liru cau mot pha. So vpi 
chinh luu tia mot pha thi d chinh liru cau sut ap do qua trinh chuyen mach 
I6n gip d6i. Do la vi trong thbi gian chuyen mach co hai nhom van cung 
chuyen mach m6t luc. 

3.1.3. Chuyen mach trong so do tia ba pha 

Hinh 3.9 the hi£n so d6 tuong duong cua mdt chinh liru tia ba pha, trong 
do nguon di&n ap xoay chidu d&u vao dupe thay th6 bdi nguon s.d.d ba pha 
u a> u h , « r , noi tiep v6i didn cam tan L a . 

Xet su chuyen mach giua V 2 va V,. Gia sir V, dang din. Dien ap u h bat 
dau duong nhit nen n£u co tin hieu dieu khi^n dua den V 2 thi V 2 se md ra 
dupe va bit diu qua trinh chuyen mach gitfa V 2 vpi V,. Tai thefi di£m 0 = 6* 
+ a khi V 2 nhan dupe tin hieu dieu khi6n mach vong chuyen mach bao g6m 
u b , L a , V 2 , V,, L a , u a . Ta co phuong trinh cua mach vong chuyen mach se la: 


96 








a) mqch vdng chuyen mqch; 


b) dang diin dp, ddng dien 


2Xa d0 Uba 

Trong giai doan chuyen mach: 

l Y2 = *a’ 

Chuyen mach k£t thuc khi: 

i\ i = 0i 

h'2~h 

Ta co dong chuyen mach se \k: 


U m 

i# = —r(cosa-cose) 

ZAo 


Gia su chuyen mach di£n ra trong khoang y, nhir vAy tai 0=a+y ta co 
i # =/*VAy: 


7 -GTOTCS 
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Id =——[cosa-cos(a + y)] 


2X„ 

Tr6n d6 thi hinh 3.9 dien ap ra u d trong khoang y duac bieu di6n bdi 
dircmg cham cha'm. Sut ap do qua trinh chuyen mach bang: 


Aliy = u b - u d = u b - 


u b + u a _ u b - u a _ Uba_ 
2 


2 2 

So v6i khi kh6ng co chuyen mach thi dien ap chinh liru bi m£t di m6t 
ph£n AUy. Gia tri trung binh: 

a+y 


a+y "j a V 1 T™ 

AU y =— f Au Y d 0 = — f -—sinGde 
y 271 J 2n ' 2 


3U T 


471 


- ||cos a - cos(a + y)] 


Ket hap vdi biiu thirc Ij ta duac: 

3X a I d 


AU V = 


2tt 


Nhu v&y phuang trinh dac tmh ngoai cua chinh liru tia ba pha se la: 

3X a I d 


U da - U d0 cos a - AUy = U d0 cos a - 


2n 


Dien ap tr£n van trong qua trinh chuyen mach bang: 

Ua-K+Uj (Uab +Uac) 

u V ] — U a -u d = 2 2 

TO do ta c6 thi ve duoc dang dien ap trtn van nhu a hinh 3.9. 


3.1.4. Chuyin mach trong sodd chinh litu cau bapha 

Hinh 3.10a thi hien scr d6 tuong duong cua mbt chinh liru ciu ba pha. 
Chuyin mach trong so d6 chinh luu ciu ba pha se diin ra gidng nhu b so d6 
tia ba pha ddi vdi hai nhom van catot chung va an6t chung. Dilm khac nhau 
se la trong mftt chu ky dien ap nguln se c6 6 lin chuyin mach xay ra chuf 
khbng phai la 3 lin nhu 6 chinh luu tia ba pha. 

Sut ap do qua trinh chuyin mach se lorn gap doi so vcri so do tia ba pha: 
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U m 

= Tz^[cosa-cos(a + y)] 

Phuang trinh dac ti'nh ngoai co dang: 

T T IT 3X a I d 

Uda = u d0 cosa-— 

7T 


Hinh 3.10. Chuyen mach 
trong so do cdu 3 pha 
a) mach vdng chuyen 
mach ; h) dang dien dp 
chinh luu khi chuyen mach 



b) 


Ngoai ra chuyen mach trong so d6 chinh hfu ciu ba pha con m6t so che 
dO khac phu*c t?p hon nhtfng ta khong xet den a day. Dang dac tmh ngoai 
cua chinhjiru ciu ba pha dirge bieu di£n tren don vj tuong doi so vdi U do va 
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U m 1 

I nm = —. V6i dong dien Ii = I d /I n m dac tmh ngoai khong con la 
X a 4 

dudng thang ntia. V6i dong dien 1^ dang duong dac tmh ngoai vin la 
ducmg thdng nhu a cac so dP khac da xet a tren (hinh 3.11). 


Hinh 3.11, Ode tmh ngoai 
cua so dd chinh luu cdu ba pka 



3.2. Nghich Iim phu thuoc 

Nghich luu phu thuoc la mpt che do lam viec cua cac so do chinh luu, 
trong do n&ng lupng tir phia mpt chiPu dupe dira tra ve lucti dien xoay chieu. 
Day la che' dp lam vide rat pho bie'n cua cac bo chinh \m, dac biet vtii cac 
ting dung trong ctic he thtfng truyPn dpng mot chieu. Khi mpt may dien mot 
chiPu dupe dieu khiPn btii mpt bp chinh luu, may dien co the la d6ng co tieu 
thu nSng lupng tir ludi dien va cung co the dong vai tro la nguon phat nang 
lupng, vi du khi may dien lam viec d ch€ dp ham tai sinh. Trong ch6 dp ham 
tai sinh dpng nang tich luy trong phan quay cua dpng co co the dupe dua tra 
vp lucri. Tuy nhidn v£n de tra nang lupng tir phia mot chieu ve phia xoay 
chiPu hoac l&'y nang lupng tfir phia xoay chiPu con xay ra lu&n phien va la cac 
che' dp lam vipc binh thuctag trong cac he thpng bi£n t&n true tiep hoac trong 
cac he thong truyPn tai dien nang mot chieu. 

Trutic het ta hay dua ra cac yeu cau de co the thuc hien dupe che dp 
nghich luu phu thude, trong do nang lupng tir phia mot chiPu dupe dua tra v6 
phia xoay chieu, do la: 
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1. Trong match m6t chi£u phai c6 s.d.d mot chieu E d co cue tinh tang 
cuong dong I d , nghla la dong mot chieu cua bo bi£n doi phai di vao d cue am 
va di ra b cue duong cua E d . 

2. Goc di£u khi£n a phai ldn hon 90°. Dieu nay din den U da =Udocos a <0. 
Nhu v&y ddu ra cua bo chinh luu khong th£ la nguon c£p nang luctag vi dong 
mdt chieu I d se di ra a cue Sm va di vao a cue duemg cua U da . 

3. Diau ki£n thur ba r&'t quan trong vi lien quan den ban chat qua trinh 
khoa cua cac thyristor trong so do, do la phai dam bao goc khoa 6 phai Idn 
hom hoac bang cot r , trong do t, la thefi gian phuc hoi tinh ch£t khoa cua van. 

Ta hay xem xet cac so do cu the sau d&y de th&y ro y nghla cua cac di£u 
kien tren. 

3.2.1. Nghich luu phu thuoc trong sado tia mot pha 

Tr£n so do hinh 3.12a ta luu y cue tinh cua E d co chieu tang cuctag dong !<,. 



Hinh 3.12. Nghich hfit phu thude trong sodd tia mdt pha. 
a) so do; b) dang dong diin , diin dp; c) mach thay the tuong duong. 
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7t 

Trong sd d6 nd'u ting d£n g6c dilu khi£n a cho den khi a> — thi 

U da = U d0 cosa <0, co nghTa la khdng ihi duy tri dupe dong I d theo chieu 
cu. Tuy nhien neu nhu trong mach mot chieu co s.d.d E d sao cho E d ^ |U da | 
thi dong I d van co Xhi dupe duy tri. 

Theo hinh 3.12c n£u thay the' so do chinh luu bang ngu6n s.d.d U da ta co 
the th^y rang chieu dong dien l d di ra tit cue (-) va di vao a cue (+). Nhu v£y 
U da dong vai tro la phu tai. 

Doi vdi Ej dong ^ di ra a cue (+) va di vao of cue (-). Nhu vay E d la may phat. 

Ve ban chat o day phu tai chinh la phia xoay chieu vi trong ph£n lefn thefi 
giannira chu ky cua dien ap ludi thi dong dien di vao b d&u co cue tmh (-) va 
di ra b dau co cue tmh (+). Vi du tren so do thi dong chay qua Vj tif a den 

71+ a vdi a > —. 

2 

Ky hieu goc p = n - a goi la goc nghich lim. Co the thay rang: 

P = y + 5, trong do y la goc chu yen mach, S goi la goc khoa. Trong 
khoang 5 dien ap dat len V\ am di V| khoa lai khi V 2 mo ra. Nhu vay cac 
van van khoa lai dudi tac dung cua ludi di6n xoay chieu. 

Phai dam bao rang 5 > (ot r , trong do t r la thefi gian toi thieu de van phuc 
hoi tfnh chat khoa cua minh. 

Neu xay ra truemg hop S < cot r thi van V, se khong khoa lai duoc khi V 2 
da mo ra dan den ngdn mach gitfa u 2 , va u 22 . Hien tuqng su co nay goi la sap 
nghich luu. 

Phuong trinh mo ta su phu thu6c cua U da vao I d co dang tuong tu nhu 
phuong trinh dac tmh ra d chinh luu nhung d day ta goi la phuong trinh dac 
tmh vao: 

Uda = U d0 cosa-AU Y 

Hay neu bieu dien U d qua goc nghich luu P ta co: 

X I 

U d p = — U d o cos P — AUy — U d0 cos ct — ~ 

Co the thay rang trong nghich luu phu thuoc AU y lam tang gia tri tuyet 
d6'i cua U da . 

T E d + U da 

Id ‘ _ sr _ 
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Phucmg trinh d^ xac dinh goc chuy^n mach: 
U m 


Id = [cosa - cos(a + y)J 


Vi a + y + 5 = n n£n cos(a-Hy) = -cos S. Vay: 

cosa + cos8 =——L 
U m 

Ta phai c6 5 > 8 lh = cot r => cos 5 < cos8 lh , trong do S fh goi la goc khoa tcri 
han. 

Nhu v&y goc di6u khien phai thoa man dieu ki£n: 


XJ d 

u m 


= cos a + cos5 < cosa + cos8 th 


X I 

=> cosa > —-cos5, h 

|jm ,n 

Day la bieu thurc cho phep xac djnh goc di<§u khien 1cm nhat cho phep a max 
umg vdi m6t gia tri I d nao do. Thong thucmg goc khoa tori han 8 th =5-H 5°. 

1. Dac tinh tong quat 

Kd't hop gitfa dac tinh ra cua so d6 chinh luu vdi dac tinh vao trong ch£ do 
nghich luu phu thuoc ta co dac tinh tong quat cua mpt so do chinh luu nhu 
dupe bieu di6n tren h'rnh 3.14. 


Hinh 3.14. Dac 
tinh tong quat cua 
mot set dS chinh luu 
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2. Dac tinh toi han 

Vdri m6t goc a nao do thl dorig tai tori han la: 

X, 


cosa + cos6 lh =^-I dlh 


U r 


ling vdi dong tai tori han thi di6n ap tori han la: 


it it . tt X a I dth 

U da.ih =U d0 cos a-ALL =-cosa-—- 

n n 

u m u m ; * x u m 

--cosa-(cosa + coso lh ) =-cos5 th 

n n n 

= -U d0 cos 5th 

D6 thi ciia dudng dac tfnh U dftlh chfnh la hinh doi xting qua true hoanh 
cua U da =U d0 cos5 lh , nhir da chi ra tr6n hinh 3.14. 


3. Cong sudt mot chieu dua trd ve Itfcri dien 

Pd = |U da |l d chfnh la phdn edng sua't duac dua tra ve ludri di£n. 

4 . Dieu kien dethuc hien dupe chedo nghich luu phu thuoc.- 

1. Co s.d.d E d trongmach mOt chi^u vdri cue tmh tang cucmg d6ng l d \ 

2. Goc dieu khidn a > —; 

2 

3. Goc khoa 5 - P - y £ cot r . 


3.2.2. Nghich luu phu thuoc , so d6 cdu mdt pha 

Ch£ do nghich luu phu thude trong so 66 c£u m6t pha xay ra tucrng tir nhu 
cr so d6 tia mdt pha, chi khac la sut ap do qua trinh chuy^n mach se ldn ga'p 
ddi: 

AU ^ = 2XJd 
71 

Do do phucrng trinh dac tfnh vao se co dang: 

U d p = -U d0 cos p - AU y = U d0 cos a - 

7t 

Cac qua trinh nang luqng va dac tmh gidi han co thi ducrc xay dung tucrng 
tu nhu d<5i vdi so d6 tia m6t pha. 
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3.2.3 . Nghich luu phu thudc , so do tia ba pha 

V6i so do tia ba pha cac yeu cdu de c6 th£ thuc hien duac ch& dd 
nghich liru phu thudc cung giong nhtf b cac scr dd mot pha. tinh toan cac 
qua trinh nang lucmg ta cin luu y den cac bieu thtic sau d&y: 

AU r =^L 
7 2ti 

3X I 

u dB = “U d0 cos P - AU y - U d0 cos a - d d 

2n 

E d + U dci 

,< ‘ = sr - 

3.2.4. Nghich luu phu thudc f so do cau ba pha 



Hinh 3.15. Nghich litu phu 
thudc cau ba pha 
a) so dd nguyin ly; b) dang 
ddng diin , diin dp tren cac 
phan til tren sc1 dd 




Doi v6i so d6 clu ba pha ta c£n luu y den cac bieu thtic sau d&y: 


AUy “ 


3X a I d 

TZ 


U d p =-U d0 cosp- AU y = U do cosa— 


3XJ, 


a A d 


n 


1 E d + U da 

s 

Vi du ve dang dong dien, dien ap tren cac ph&n tu trongso do duoc cho 
tren hinh 3.15. Phtfi hop vdi dac tmh ra cua chinh liru, dac tmh vao cua 
nghich luu va dac tmh tdi han ta bieu dien dac tinh tong quat cua mot chinh 
luu cau ba pha tren he ddn vi tucmg doi ddi vdi U d va Ij nhu tren hinh 3.16. 



Hinh 3.16 . Dac tinh tSng quat cua mot chinh Um edit ba pha. 
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3.3. C£c bo bien doi co dao chieu 

M6t so phu tai mot chieu y£u cdu di£n ap mot chieu cung cap co the dao 
duoc cue tmh. Vi du v& cac he thong nhu v£y la he truyen d6ng didn mot 
chieu, trong do viec dao cue tinh dien ap dat vao ph3n umg dong co tUdng 
umg vc?i yeu cdu dao chieu quay dong cd. Mot he thong khac cung yeu c£u 
nguon mot chieu dao cue tmh la he thong ma dao dong, trong do viec dao 
cue tmh dien ap cung cap tuong ufng vcifi viec boc di mot so diem cue bo 
duoc boi dap cao hdn nhtfng diem khac tren b6 mat vat ma. Bang each nhu 
v$y co the dat duoc ldp ma co do bam dinh va d6 bong cao. 

Ngudi ta co the dao cue tinh nguon mot chieu cung cap cho phu tai bang 
each dung cap tiep di£m ciia cong-tac-ta. Tuy nhien van de 6 day la cac he 
thdng yeu ciu do tac ddng nhanh rat cao ma cac ph£n tu co tiep diem khong 
the dap ung noi. VI du trong he thong truyen dong mot chieu cac ch£' do 
ddng cd hoac ham tai sinh xay ra lien tuc khi dong co phai lam viec vdi phu 
tai dong. Nhu v£y y6u cau ve dao cue tinh nguon mot chieu xay ra lien tuc. 
Trong cong nghe ma dao dong thdi gian "ma nguac" co the chi keo dai vai 
tram ms trong ca chu ky ma cd 1000 ms. Ro rang la cac phan tu tiep diem 
khdng the dap umg duoc cac y£u cau nay. 

Ve nguyen tac cac h£ thong yeu cdu dao cue tinh dien ap nguon se gom 
hai bo chinh luu CL, va CL^, thustn va nguac, cung dude cung cap bdi mot 
ngudn xoay chieu nhu duoc chi ra trfcn hinh 3.17. 

Phudng phap di£u khi£n bo bien doi co dao chi£u gdm phuong phap dieu 
khi£n chung va di£u khien ri£ng. 


L* 



Hinh 3.1 7. Sc? do cau true bd bien dSi co dao chieu. 
a) dieu khien chung; b) diiu khiin riing . 
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3.3.1 . Dieu khien chung 

Trong c£u true di£u khien chung CL, va CL 2 lam viec song song cf moi 
thcri di^m. Do c 6 sir chdnh lech v6 gia tri turc then tren d3u ra cua m 6 i bp 
chinh luu nen can co cupn khang can bang L Lh d£ han che dong di&n quan 
giffa hai bp bien d 6 i. VS nguySn tac de dong dipn qu£n co gia tri nho, gia tri 
trung blnh cua di 6 n ap cf d<lu ra cua hai bo biS'n doi phai bang nhau. DiSu 
nay dan den khi mpt bo dang lam vise a che do chinh liru thi bo kia phai lam 
viec "chef" trong ch€ dp nghich liru phu thupc. 

Neu a, f a 2 la goc di&u khien cua CL,, CL 2 thl di£u kien tren day se dupe 
thuc hiSn khi: 

a,+ 03 = 7 t 

That vay, khi do U d a^U^cosot^- U d 0 cos( 7 t-a,)=- U d 0 cosa 2 = U d 0 cosP 2 

Cau true dieu khien chung co iru diem la dp tac dpng nhanh rat ttft, khong 
he co dp trS khi dao cue tinh dipn ap ra tai. Tuy nhien nhupc diem cua c£u 
true nay la yeu c£u c 6 cupn khang can bang L ch lam tang cong su£t lap dat 
cua he thPng. Cupn khang can bang cung lam cham qua trinh diSn tir diSn ra 
tren mach tai, dieu nay lai lam giam dp tac dpng nhanh cua he thPng trong 
mot so truemg hop. 

3.3.2. Dieu khien rieng 

Trong thuc t£ cac bp biPn doi co dao chieu hipn dai dupe thuc hien theo 
cau true di6u khien riSng. Theo cau true nay c£c bp bi£n doi dupe diPu khi£n 
rieng biSt. C) moi mpt thdi diSm chi co mpt bo bien d 6 i lam viec, nher do se 
khong c£n den cupn khang can bang. Nhu vay c 6 ng suat lap dat dupe giam 
dPn mue td'i thieu, gon nhe, hipu suat cao. 

Van d 6 chinh trong thuc hipn cau true dieu khi&i riSng la di£u khi^n qud 
trinh dao chieu sao cho thdi gian trS la ngdn nha't ma van dam bao an toan 
cho thiet bi, khong de xay ra ngan mach. VI vay trong c£u true dieu khien 
ri£ng thl mach dien thuc hien logic dao chiPu co vai tro quan trong. 

Mach ldgic dao chiSu edn thuc hiSn cac chirc nSng chinh sau day: 

1. Nhan biPt tin hiSu dao chi£u. Thong thuong tin hieu dao chiPu d &n tir 
su thay doi da'u cua lupng dat, vi du da'u (+) tuemg utag veri chidu thuan, d£u 
(~) tuong img vdi chi 6 u ngupc. 
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2. Khi co tin hi£u yeu cau dao chiiu, th6ng thudng b6 bi£n d6i thu nh&t 
con phai dupe duy tri lam viec mot thcri gian. Khi tai la trcf cam, dong I d vin 
con dupe duy tri theo chieu cu, khi do b6 bien doi thut nh<ft se chuyen sang 
lam viec b ch£ dp nghich luu phu thupc v6i goc dieu khiin a ( = 90°. Ket 
qua la dien ap.ra tai dupe dao chieu ngay. Dong I d se giam ddn ve 0. Khi I d 
ve dPn 0 cat tin hipu diiu khiin dua den bo biin doi dang lam viec va phat 
tin hipu cho phep bo biin d6i thir hai vao lam vipc. 

3. Khi dong l d da ve bang khong, thuc hien tri mpt thdi gian r. Thai gian 
t la can thiet de cac van trong bo bien doi trirac do thuc su phuc hoi kha 
nang khoa cua minh, tranh kha nang xay ra ng&n mach khi b 6 van mdi-vao 
lam viec. Sau khoang thcri gian tre rphat tin hipu dieu khien den bo bien doi 
mdi. 

So do cau true cua mach thuc hien chuc nang dao chiiu cho tren hinh 
3.18, trong do dac biet nha'n manh din cac khau chute nang nhu theo doi 
dong tai ve kh6ng, khau tri tao thdi gian r. Th6ng thuctag t=100 +500 ms. 
Do la khoang thori gian toi thieu de dam bao dong qua bo bien d6i cu da ve 
den khong trude khi co the phat tin hipu mo bp van mefi. 

Noi chung cau true diiu khien rieng y£u cau mach dieu khiin phutc tap 
hon nhung veti cong nghe tien tien hien nay thi dieu do hoan toan co the thuc 
hien dupe. 



Hinh 3J8. Sadd cau true cua mach thuc hien chuc ndng dao^chiiu. 


109 










Cau hoi on tap 

1. The nao la hien tixong chuyen mach ? Nguyen nh&i dk\ den hien tuong 
chuyen mach giua cac van trong s a do chinh luu? 

2. Hay trinh bay mach vong chuyen mach trong cac so do chinh liru: tia 
mot pha, c£u mot pha, tia ba pha, cdu ba pha. Goc chuyen mach y phu thudc 
nhung y€u td' nao? 

3. The nao la sut ap do qua trinh chuyen mach? y nghla cua phuong trinh 
dac tinh' ngoai cua chinh luu? 

4. The nao la nghich liru phu thuoc? Dieu kien de thuc hien che do nghich 
luu phu thu6c. 

5. Hay neu y nghia cua goc nghich luu? Goc khoa cua van? Dac tinh tod 
han cua nghich luu phu thuoc? Dac tinh tong quat cua m6t so do chinh luu? 

6 . The nao la bo bie'n d6i co dao chieu? 

7. The' nao la dieu khi^n chung, di£u khien rieng? Neu cac chirc nang cua 
bo logic dao chieu. 
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Chuotig 4 

CAC b6 bi^n d6i xung ap 


Cac bo bie'n doi xung ap co chirc nang bien ddi muc dien ap. Nguyen ly 
bien ddi xung ap la dung mot phan tir khoa noi tai vao ngu6n trong mdt thbi 
gian nhat dinh t x theo mot chu ky lap lai T. Bing each thay doi do r6ng xung 
( x . trong khoang 0 + 7\ ta thay doi dirge gia tri trung blnh cua di6n ap ra tai 
trong chu ky T . Nguyen ly bien ddi dien ap nay co uu diem ca ban la co thd 
thay ddi gia tri dien ap trong m6t pham vi rfing ma hieu suit Qua bo bien ddi 
rat caq vi ton that trong bo bien ddi, chu ye'u la tr6n phan tu dong cit rat nho. 

Ta se xem xet hai dang b6 bien ddi- xung ap, do la bien doi xung ap xoay 
chidu (XAAC) va bie'n doi xung ap m6t chieu (XADC). 

4.1. Cac bo bien doi xung ap xoay chieu (XAAC) 

Cac bo XAAC dirge dung de dieu chinh gia tri dien ap xoay chieu vdi 
hi6u suit cao. XAAC chu yeu sir dung cac thyristor mac song song ngucrc 
hoac triac de thay doi gia trj dien ap trong mdi nira chu ky dien ap luoi theo 
goc mo a, tir do ma thay doi duoc gia trj hieu dung cua dien ap ra tai. 

4.1.1. Cac so do van 

XAAC sir dung cac so 66 van co ban nhir da cho tr6n hinh 4.1. C£c so 
66 nay la tuong dirong nhau trong chirc nang dieu chinh dien ap xoay chieu. 



Hinh 4.1 . Cdc setdd van c<J ban; 
a) thyristor song song rigupc; b) can didt; c) triac 
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Trong so d6 (b) neu thay thyristor bang m6t transistor thi co th 6 thuc hien 
diau chinh dian ap bling phuong phap diau ch€ dp rpng xung d m6i ntra chu 
ky di6n ap ludi. Tuy nhian t6n hao c6ng su£t trong so dP nay cao hem cac so 
d6 (a) va (c) n6n chi n6n dung vdi cac edng sua't nho. 

4.1.2 . Xung dp xoay chieu mot pha 


}. Tdi thudn trd 

Voi tai thu£n trd dian ap tr6n tai phu thupc goc dieu khiPn a va co dang nhu 
dupe bieu dian tran hinh 4.2.a. Gia tri hiau dung cua dian ap tran tai se la: 





Hinh 4.2. XAAC mot pha, set dd va dang dong dien, dien dp tren cac phdn tu. 

a) tdi thudn trd; h) tdi trd cam 

v' 

2. Tdi trd cam 

Vdi tai trd cam edn phai xac dinh dupe dang cua dong dian. Khi mpt 
thyristor n&o do thdng, tai RL dupe nPi v&o ngu6n xoay chiPu u. Theo mach 
dian tuemg duemg ta co phuong trinh: 

Ri + X L —= U m sinG 

L de 

Giai phuemg trinh tran ta tim dupe nghipm dudi dang: 

9 

u m — 

i = -^-sin (0 - (p) + Ae Q 

Trong do A la mot h&ng s6 cPn xac dinh Z = ^R 2 + X 2 la t6ng trd cua 
mach tai; 
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X L = toL; 

U m : bien do dien ap nguon; 



tg<P = Q hay (p = arctgQ, (p goi la goc pha cua tai. Do chfnh la goc lech 
pha gifta dong dien va dien ap tren tai khi dien ap tren tai la hinh sin. 

Khi goc dieu khi£n a < <p dong tai se la lien tuc va khong phu thu6c goc 
dieu khi^n a. Dieu nay dung neu xung dieu khi^n la xung rong. 

Nd'u xung di£u khien la xung hep dong dien trong m6t nira chu ky se keo 
dai qua thoi diem x+a. Do d6 khi V 2 nMn ducrc tin hieu didu khien tai x+ a 
thi V 2 chua the md ra duqc. Dieu nay din de'n dien ap ra tren tai chi co trong 
mot nira chu ky va dong co dang dap mach mot chieu nhu duac th6 hien tren 
hinh 4.3 


Hinh 4.3. Dang dong dien, 
dien dp tren tai trong XAAC. 



Vdi goc dieu khi&i a > <p dong tai se co dang giln doan nhu a d6 thi (a) 
va luon bit dlu tuf 0 tai 0 = a. Do la dieu kien d&u 6i c6 the’ xac dinh hlng 
so A trong nghidm cua phucmg trinh dudi day: 

U m -- 

0 — —— sin(ct — cp) + Ae Q 


=> A = — 


U n 


-sin(a-(p) 


a 


Nhu vly dong tai se tu&n theo quy luSt: 




U n 


9-q 

sin(0-<p)-e Q sin(a-cp) 


8 -GTOTCS 
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Khoang din dong X cua van co the duoe xac dinh theo dieu kien i-0 tai 
ff=a+/ 1. Thay didu kidn nay vao bifeii thuc tren ta co: 

_k' 

sin(a + k-tp)-e Q sin(a-(p) = 0 
Tit phucmg trinh nay co the xac dinh duoc X. 

» 

4.13. Xung dp j way chii'u 3 pha 

L Cac scfdd t(ng dung. 



Hinh 4.4 . So do XAAC 3 pha 
a) tai co the dau Y hoac A; 
b) 3 thyristor V,,V 2 , Vj se tqo thanh diem 
trung tinh gid cho tai Z A . Z H . Z r . 


XAAC 3 pha co th£ thtfc hien theo cac phuong an nhu tr£n hinh 4.4. So 
do (a) co th^ ap dung ban di6u khi£n, vi du thay V 4 , V 6 , V 2 bang 3 di6t. 

2. Ifu nhuctc diem cua set dS 

- Cac so d6 XAAC noi chung deu don gian, do do cho hieu qua cao trong 
qua trinh di6u chinh didn ap xoay chi£u. 

- Tuy nhien dang dien ap ra phu thuoc rat nhifcu vao goc di6u khien va 
tinh chat cua tai. Dang dien ap ra cung rat kh6ng sin. 

- Phu hop vdi cac umg dung yeu c&u c6ng sua't vira va nho, nhat la vdri tai 
thuin trd vi khi do dang di£n ap tr^n tai khong y6u c£u khat khe. 
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- Vdi cong suit lorn c6 thi ap dung trong nhflng trudng hofp dai dieu chinh 
dien ap y£u clu hep hoac qua trinh didu chinh chi dien ra trong mOt thdi 
gian ngln, vi du trong cac bo khdi d6ng d6ng ca. 

- Trong moi trudng hop phai co bi6n phap tranh anh hudng cua nhilu ra 
ngoai ludi dien do dong dien kh6ng sin. Vf du phai lip them cac bo loc dlu vao. 

- Co the cai thidn dang ke dac tinh cua XAAC ndu sir dung cac van didu 
khien hoan toan. Khi do viec dieu chinh se ap dung phircmg phap dieu che 
do rong xung d m6i nira chu ky dien ap ludi. 

3. Phan tick suhoat dong cua so do 

De phan tich su hoat ddng cua so do ta phai xac dinh luc nao 3 pha cung 
dan, luc nao chi co 2 pha dan cung nhu khoang din cua cac van. Ta hay xet 
so dd (a) vdi tai Y thuln trd, Z A =Z n =Z c . Do thi dang dien ap tren tai vdi goc 
dieu khien ct=30° duoc bieu dien tren hinh 4.4c. 


Hinh 4.4c . Do thi dang 
dien dp tren tai voi goc o 
dieit khien a=30\ 
so do (a). 


Goc dieu khi^n trong XAAC duqc tinh tir thdi diem dien ap nguon qua 
khong. Ta can luu y ring trong he thong dien ap 3 pha dong co the chay qua 
ca 3 pha ho|c chi qua 2 pha. Khi dong chay qua ca 3 pha thi dien ap tren 
m6i pha dung blng dien ap pha. Khi dong chi chay qua hai pha thi dien ap 
tren cac pha tuong urng se bang mot nua dien ap day. 

Nhu tren do thi hinh 4.4c vdi <9, < 0 < 0 2 dong c6 the chay qua ca 3 pha, 
Khi do V, din d pha A, V fi din d pha B, V 5 din d pha C . 

u za = u A 

Vdi 0 2 < 0 < 0 3 d pha C dong khdng the chay qua V 5 dupe ntfa vi u c da 
dao chieu nen chi con lai V, din dong d pha A cung vdi V 6 d pha B. Do do: 

1 

U ZA - 2 Uab 
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Vdfi 0 3 < 0 < 0 4 a pha C, V 2 nh|n dtftfc tin hieu dieu khi£n ntn se co 3 
van dan d 3 pha la V l? V 2 » V 6 . Do do: 

Uza =u A 

Vdi 0 4 < 0 < 0 5 a pha V 6 kh6ng the dan duoc nua vi u B da dao chifcu, 
chi con V„ V 2 dan: 

1 

U ZA "~ U AC 

Vdi 0 5 < 0 < 0 6 ,V 3 se vao din cung vdi V,, V 2 : 
u Z a = u A 

Vdi0 6 <e<e 7 : u ZA =0 

Bang tinh chat doi xumg co the xac dinh duoc di6n ap tr£n Z A trong nua 
chu ky con lai. Tit phan tlch tren co th£ thly rang: 

Vdi 0 < a < 60° co cac giai doan 3 van va 2 van cung din. 

Vdi 60° < a < 90° chi co cac giai doan 2 van cung din. 

Vdi 90° < a <150° chi co cac giai doan 2 van din hoac kh6ng co van 
nao din ca. 

VI du ve dang difcn ap tren tai vcri goc dieu khidn a = 90° duac cho trdn 
hinh 4.5. 


Hinh 4.5. Dang dien dp 
tren tai vdi goc dieu 
khien a = 90° 
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4.2. C£c bo bi£n doi xung ap m6t chieu (XADC) 

XADC dung cho cac ufng dung bifisn ddi muc dien ip m6t chi£u. Nguyen 
ly duoc sir dung v&n la nguy6n ly co ban cua cac b6 bi£n d6i xung ip, nghla 
la dung mdt khod dien tu ndi tai vdo ngudn trong nhung khoang thai gian 
nhdt dinh t x , theo nhung chu ky T nhdt dinh. Di6n ap ra thay d6i nhcf thay d6i 
tjs 0 +T. ^ 

Phdn tvr khoa trong XADC c6 \hi la thyristor hoac cdc van di£u khi£n 
hoan todn. N6u dung thyristor se phai co them cdc mach khoa ctrong hire 
ldm phufc tap them so 66 vd tang tdn hao trong qua trinh hoat d6ng. C6ng 
ngha hian dai da san xudt ra cac van dieu khi in hoan todn nhir GTO, IGBT, 
MOSFET co th£ thay the hoan todn cac thyristor b moi dai cdng su£t trong 
cdc b6 bia'n d6i xung ap. Chmh vi vdy ta se chi cin xet cdc b 6 bi€n d6i xung 
ap dung cac van dieu khi£n hoan toan. 

4,2.1, Xung dp mdt chieu nd'i tiep 

• Tai tror cam 

Trong so d6 tr6n hinh 4.6: V la van didu khidn hoin toan (GTO, IGBT, 
MOSFET, transistor). D 0 goi la didt khdng. Didt nay se din dong tai khi V khoa. 



trong chr dd ddng gian doan W 


Til 0 de'n t,: V thdng, nd'i tai vio ngudn, (/,=£; 

Tir t, de'n T: V khoa lai, tai bi cit khoi ngudn. Do n&ng luong rich luy 
trong difin cam tai, ddng tii phai tidp tuc duy tri qua didt D 0 , U,=0. 
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1 , v 

Ta co he phuong trinh md ta hoat dong cua so d 6 la: 

Khi V th 6 ng: iR + L— = E 

dt 

Khi V kh 6 ng th. 6 ng: iR + - 0 

Cac phuong trinh vi ph&n nay co nghiem tong quat dang: 


i = Ae L hay 


i = Ae 


Trong do Q = — goi la hang s 6 thcfi gian mach tai. 

R 

Nghiem t 6 ng quat thoa man phuong trinh khi V thdng co dang: 

i = —+ Be ^ 

R 

TCr cac phuong trinh dong dien i n£u xac dinh duqc cac hkng s 6 A va B ta 
co th£ xac dinh du<?c ddng dien. 

• Xet tnrdfng hop dong li 6 n tuc 

r 

Vdi 0 < t < tv: i - — + Be Q 


Vdfi t x < t < T : i = Ae Q 

Vdi cac dieu kien d£u: i(t=0)=i(t=T) ta se xac dinh diroc A va B trong cac 
phucmg trinh tren. Do do dong tai se duoc bieu dien bdi: 


„ .. ,, . E Ee Q -1 -q 

Dong di qua van V: i v = — +- ~r~ e 

R R — 

l-e Q 


“77 i-tx 
El-e Q ” 5 " 

D6ng di qua didt: i D =- v 

R — 


D 6 d$p mach cua dong tai D AI = i(t=t x )-t(t=0). VSLy 
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T-u 


AI = 


Ee Q -1 


R -1 

1 -e Q 


f h ^ 
e Q -1 


3. Trudng hop dong tai gian doan 

Khi dong tai gian doan: i(t=0)=0; i v (t=tj=i i) (t=tj. Do do: 

( r 

l-e' Q 


i v = 


l D ~ 


J 




1 -e 


t-tv 


Ve ly thuyet dong dien i D chi ve kh6ng khi t= oo. Tuy nhien trong thuc te 
neu T-t x >3+4Q thi co the coi nhu ddng da v6 bang khdng. 

Nhu vay che d6 dong gian doan co the xay ra neu hang s 6 thoi gian cua 
mach tai qua nho, hoac khi di6u khi£n ma l 0 -T-t x >3^4Q. 


4. Tai co su:c phan dien d6ng 

Trong thuc t€ rat thucmg gap tai cua XADC co s.p.d.d E d . Vi du tai la 
ph£n ung cua d6ng co dien mdt chi£u hoac tai co tu de san bang dien ap 
(hlnh 4.7). 


Hinh 4.7. XADC, 
tdi co s.p.d.d 



He phuong trinh m6 ta mach dien co dang: 

Khi V thdng: i v + L— = E - E d 
dt 

Khi V khdng thdng: i D .R + = -E d 

dt 
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AI = 


JMx 

Ee Q -1 


R 


1 -e 


T 

Q V 


( i ^ 
e Q -l 


/ 


3. Tnrdng hop dong tai gian doan 

Khi dong tai gian doan: i(t-0)=0; i v (t=t y )=i D (t-t x ). Do do. 


w - 



Vi 


. „ ly thuya dong disn i„ eU * khftng khi. <-* Juy nhien hong thuc .« 
neu r-t >3~4Q thi co the coi nhtt dong da v6 bang khong. 

Nhu viy ch6- do dong gian doan co the xay ra neu hang stf then gian cua 
mach tai qua nho, hoac khi d.eu khien ma t 0 =T-t x >3 

4 Tai co sure phan di6n dong 

m „„ tW t(C rft thudna gap tai cua XADC co s.p.d.d E,. Vf du tai a 
phan'lg cua d£>ng cd dien m6t chieu hoac tai c6 tu de san bang dien ap 

(hinh 4.7). 


+ 


Hinh 4.7. XADC, 
tai co s.p.d.d 


d"* 




He phuong trinh md ta mach dien co dang: 
Khi V thong: i v + L— = E-E<i 

Khi V kh6ng thdng: io-R + = ~ Ed 


—(> 



119 


Nghifim cua hai phuctng trinh la: 


i E-E d ~ 
lv _ 




Cac hang s 6 A va B phai duoc xac dinh tit cac dieu kien dau cho hai 
trudng hop dong gian doan va dong li£n tuc. 

-Dong tai lien tuc: 

Khi dong tai li£n tuc ta co cac di 6 u ki£n diu sau: 
tai t=t x -i v —ij> 
i v (t= 0 )=i D (t=T); 

Tir do ta xac dinh duoc dong dien nhu sau: 

T-t x 

E-Ed , Ee Q -l.lf 
lv = R ^ r" T 


E d El-e' Q :T 
lD = 'T R -i 

1 -e Q 

-Dong tai gi£n doan 
Qic di£u ki£n d5u 1 &: 

i v (t= 0 )= 0 ; iv(t=t x )=iD(t=t x ) 

Tir do cac dong dten ia: 


ir\ —- 


E E-E d q 


tx > t-tx 


R R R 


e ^ e 


D 6 ng qua di 6 t se bang 0 tai mOt then di£m t,, nao do sao cho t x <X^ T. Co 
the xac dinh ^ tir bi£u thurc i D : 
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Ed 

R 


p 


Q 



H-E, e 

R 



= 0 


Hay: '». Qt , E-(E-g.). « 

E d 

Dieu ki£n tdi han dong chuy^n sang che do dong gian doan chfnh la: 

to*t x - T-t x hay to = T 
Dii\x do tirong ducfng vdi: 

T-tx Jx 

E d e Q = E-(E-E d )e Q 


E + E d e°-l 


tx.ih =Q'n 


Nhu v£y t xth tr6n chmh la t x tdi han ma tCr do mach chuyen sang ch£ dd 
dong gian doan. Dong se gian doan vdi moi t x nho hdn hoac bang gia tri xac 
dinh bdi bieu thdc tinh t x th . Hinh 4.8 the hien dang dong di6n, didn ap tr£n 
cac phan tu tren so d6 ting vdi cac trudng hop tren. 



Hinh 4.8. Dang dong dien, diin dp trin cdc phdn tu tren so dd 
a) ddng lien tuc; b) dong gian doan 
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422. Xung dp mdt chiiu song song 

E 


Z, 


Hinh 4.9. XADC song song. 

a) scf dS nguyen ly: 
h) dang ddng dien, dien dp. 

Trong sd d6 XADC song song ph£n tir dong cdt chfnh khdng lam nhiem 
vu ndi tai vao ngu6n ma chi nap nang luong vao cudn cam L, Cudn cam L 
mac nd'i tiep giua tai vdi ngudn. Khi V thdng, cudn L nap nang lnpng bang 
dong didn i v di tit ngu6n qua L, qua van V. Khi V khoa lai ddng qua cudn 
cam tidp tuc duoc duy tri bang ddng i D qua didt D va phu tai. Thdng thudng 
phu tai co tu gia tri lcm d£ san bang didn ap trdn tai, vi v£y co thd gia thidt 
didn ap trdn tai U, g&i nhu khdng thay ddi trong chu k£ dong cat cua van V. 
Nhir v£y khi V md do co didn dp trdn tai U, ma didt D khoa lai. 

Hd phuomg trinh md ta mach didn cd dang: 

KhiVmd:L^--E 

dt 

Khi Vkh6a: L^=E-U, 
dt 

V6i gia thie't U,=const dong qua cudn L c6 dang tuye'n tinh, do do n£u 
goi Iftu,,, ijnax 1^ cac gia tri nho nhat> ldn nhat cua ddng didn qua cudn cam, ta 
cd: 

E 

Vcri 0 < t < t x lL =I min+ — 1 

E-U t / X 

t* ^ — Imax + (l *x) 

Trong chd dd xac lap: i L (t=0)=i L (t=T), hay: 




122 






T . -I | ^ (T- t ) 

A min — A max + T V 1 / 


^max ^min ^ ^x 


Tir day rut ra: 


Hay: 


^max ^max 


+ 


E-U t 

L 


(T-‘x) 



(E - U t )(T - t x ) = -Et x 


U t 


= E 


T 


VI -> 1 nen U>E. Nhir v£y scr d6 lam vi6c nhu mdt bo bi£n doi 

T-t x 

tang ap. Vl y nghTa vat ly tir cac he phuomg trinh tr£n cung c6 the th&'y rang 
mach chi co the lam viec trong ch£ 66 xac lap ne'u nhu trong khoang t-t x + T 
dong trong cu6n cam L phai co t6c d6 am (dong phai giam), tuc la 

^^-<0,hay E<U,. 

Bo qua t5n hao tr£n cac ph£n tir thi cong suit trung binh la'y tir ngu6n 
phai bang cbng suat tr£n tai, nghTa la: 

El = U,I t 


Do do: 


I, 




Trong do 



0 < 5 < 1 


la tham s6 dieu chinh. Ta co: 


U t = 



1 

1-5 


E 


Tuf hai bi£u thufc tren co th6 tha'y rang b6 bi€n d6i lam viec gitfng nhu mdt 
may bien ap tang ap vdi he s 6 may bie'n ap bang (1-S). 
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C&u hoi 6n tAp 

1. Nfcu su khdc nhau giua XAAC va XADC . 

2. Ph&n tfch su phu thudc cua difcn ap ra tr£n tai trong XAAC m6t pha, tai 
trd cam v&o each di£u khi£n xung r6ng, xung hep va v^o c6c g6c di£u 
khi^n a. 

3. N6u nhufng iru nhuoc diim cua XAAC 3 pha va pham vi ung dung. 

4. Sir khac nhau nhu th^ nao gifla XADC n6i ti£p vsl song song. 
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Chuang 5 

NGHICH LITU DOC LAP 


5.1. Cac van de chung 

5.1.1. Nghich luu doc lap Id gi? 

Nghich luu dpc lap (NLDL) la nhung bp bien doi dung dt bien d6i nguon 
dien m6t chieu thanh nguon dien xoay chieu, cung cip cho phu tai xoay 
chieu, lam viec doc lap. Khai niem lam vide doc lap nghla la phu tai khong 
co lien he true tiep v6i ludi dien. Nhu vay cac bo nghich luu co chirc nang 
ngupc vdi cac bo chinh luu. Khai niem d6c lap a day con phan biet nghich 
luru d6c l$p vdi ldfp cac bo bien doi phu thuoc nhu chinh luu hoac cac bo bien 
doi xung ap xoay chidu, trong do cac van chuydn mach du6i tac dung cua 
dien ap ludi xoay chidu. 

5.1.2. Cdc dang nghich luu doc lap 

Tuy theo che do lam viec cua nguon mpt chieu cung cap ma nghich luu 
doc lap dupe phan loai la nghich doc lap ngu6n ap, nghich luu doc lap nguon 
dong. 

Phu tai cua nghich luu d6c l&p co the la m6t tai xoay chi6u bit ky. Tuy 
nhien co mot dang phu tai dac biet cau tao tit mot mach vong dao dong, 
trong do dien ap hoac dong dien co dang dao dong hlnh sin yeu ciu mot loai 
nghich luu ridng, goi la nghich luu cong huong. Nghich luu cong huong co 
ihi la loai nguon ap va cung co thd la loai nguon dong. 

5.1.3. Nguon dp , ngudn dong 

Mot ngudn dien co the la ngudn ap hoac ngudn ddng. Che' do l&m viec 
cua cac bo nghich luu phu thu6c rat nhidu vao che do lam viec cua ngudn 
m6t chidu cung cap, vi v&y c£n phan biet cac dac tmh rieng cua hai loai 
ngudn nay. 

Nguon ap ly tuong la mot ngudn dien v6i npi trd bing kh6ng. Nhu v£y 
dang dien ap ra la kh6ng ddi, kh6ng phu thupc vao gii tri cung nhu tmh chat 
cua phu tai. Dong dien ra se phu thupc phu tai. Ngudn ap se lam viec dupe cf 
chd d6 khong tai nhung kh6ng the lam viec dupe b chd do ngan mach vi khi 
do, ve nguyen tic, dong dien co the lom de'n vo cting. Trong thuc te ngudn ap 
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dupe tao ra bang each mdc d ddu ra mot ngudn mot chieu mot tu dipn co gia 
tri du Idn. 

Ngudn dong ly tudng la mot ngu6n dien vdi noi trd trong v6 cung Idn. 
Nhir vay dong dien ra la khong doi, khong phu thuoc vao gia tri cung nhu 
tlnh chat cua phu tai. Dien ap ra se phu thuoc phu tai. Ngudn dong se lam 
viec dupe a che do ngdn mach vl khi do dong dien vdn khong ddi nhung 
khong the lam viec dupe a che dp khong tai. Noi chung che dp gan kh6ng tai 
tuong duong vdi trd khang tai rdt Idn, nhan vdi mot dong dien khong d6i se 
gSy ra qua dien ap rat Idn, khong the chip nhan dupe. Trong thuc te nguon 
dong dupe tao ra bang each mdc a dau ra mot nguon mot chidu mpt dien 
cam co gia tri du Idn. Tuy nhien dien cam d dau vao se chiu loan bp dong 
dien yeu cau cua nghich luu, vi vay co the phai co cong su&'t rdt Idn. Trong 
thuc te de tao ra nguon dong ? ngudi ta dung mpt chinh luu co dieu khien co 
mach phan hoi dong dien. Mach vong dieu chinh dam bao mpt dong dien ra 
khong doi, dien cam bay gid co the co gia tri nho hon va chi giu churc nang 
san bdng dong dien (hinh 5.1) 

U 


Hinh 5J. Tao nguon ddng 
bang mach vdng dong dien 


5.2. Nghich Itru doc lap nguon dong 

5.2.1. NLDL ngudn ddng song song mdt pha 

1. So do bien ap co diem gii(a. 

So do NLDL nguon dong song song dupe cho tren hinh 5.2.a. Tren so dd 
mdi thyristor dupe dieu khien md trong mpt nda chu ky, nhu vay dipn ap 
mpt chidu dupe lu&n phien dat len m6i nua cupn d£y cua may bien ap. Ket 
qua la ben phfa thti cap xuat hien dien ap xoay chieu. Tu dipn C mdc song 
song vdi phu tai d ben phia so c£p may bien ap, dong vai tro la tu chuyen 
mach. Dien cam L co tri so Idn mdc noi tiep vdi ngudn ddu vao lam cho 
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dong dau vao hau nhu dugc la phing hoan toan va ngan tu phong ngugc tra 
va ngu6n khi cac thyristor chuyen mach. Do dong diu vho hdu nhu khong 
thay doi nen tu chi co the phong nang lugng ra tai. Dieu nay co ihi tha'y ro 
tren so do tuong ducmg hinh 5.2.b. 

Khi thyristor V, mo thong dien ap E dat len m6t nua cuon so cap may 
bien ap, nhir vay tu C se dugc nap tdi di6n ap tren toan bo phan so cap, nghia 
la 2E, v6i cue tfnh nhu tren hinh ve. Khi V 2 nhan dugc tin hieu dieu khien, 
V 2 se mo ra dugc vi dien ap anot-catot cua no bang dien ap tren tu C dang 
duong. Khi V 2 mo thdng dong i d se chay qua V 2 , di6n ap tren tu C dat cue 
tmh ngugc 16n Vj khoa V, lai. Tu C se dugc nap dien lai de san sang cho l&n 
chuyen mach tiep theo khi Vj lai nhan dugc tin hieu dieu khi6n. 


Tr6n mach dien tuemg duong tu tuong duong la 4C phan anh ty so cuon 
so cap la 2:1. Phan tich so do tuong duong co the ve dugc dang dien ap, 
dong dien tr£n cac phdn tu nhu tren hinh 5.2.C. 



Hinh 5.2 . Nghich hen doc lap ngudn ddng song song . bien dp co diem gitfa. 
a) so do nguyen ly; b) mach dien tuong duong; 
c) dang ddng dien, dien dp tren cac phan tu 
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2. NLDL song song, so dd cau. 



Hinh 53. Nghich luu doc lap song song, so do cau. 
a) sadd nguyen ly; b) dang ddng dien. dim dp tren cdc phdn tu; c) bieu do vector. 

Nghich luu d6c lap song song, so d6 cau ca'u tao g6m 4 thyristor V,, V 2 , 
V„ V 4 dupe didu khien dong mo theo timg cap, V, cung V 2 , V, cung V 4 . Tu 
C dong vai tro la tu chuyen mach, mac song song vpi phu tai. Ddu vao mot 
chidu c6 cu6n cam L tri s 6 du 1cm tao nfen nguon dong. 

Khi cac cap thyristor diroc didu khien theo tong cap dong d£u ra nghich 
luu i co dang chu nhat vcri bien dd bang dong dlu vao /, Dien ap tren tai 
bang dien ap trdn tu u c . Gia sit V„ V 2 dang dan. tu C dupe nap dien voi cue 
tinh nhu tren hinh 5.3.a. T6i nua chu ky sau khi V„ V 4 dupe dieu khien mo 
ra dien ap trdn tu se dat ngupc ten V„ V 2 dd khoa V „ V 2 lai. Trendothi hinh 
5.3.b dien ap tren tu cham pha so vdi dong dien mot goc [3, chinh la goc 

khoa cua van. 

Neu bo qua tfm that trdn so do thi gia tri trung binh cua didn ap tren cuon 
cam bing khong, nghia la: 

u L = E-u ah 
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T 

2 

Ju L dt = 0 

0 

Theo bieu thtic tren ta ve duoc dang dien ap trdn cudn cam L nhu tr6n do 
thi a hinh 5.3.b. 

Viec phan tich so do theo gia tri tticthcfi se dua d£n cac bi£u thtic toan 
hpc phtic tap ma tinh ting dung cua no cung kh6ng ro rang. Vi v£y de nghi6n 
ctiu so do trong ch£ do xac lap,ngucri ta sti dung phucmg phap gSn dung song 
hai bac nhat. Theo phucmg phap song hai bac nh£t ta chi xet den thanh phan 
song hai b£c nhat cua dong nghich luu i s va di£n ap ra tai u L , Khi do co thi 
dung bieu do vector nhu tr£n hinh 5.3.c de phan tich cac tham so co ban cua 
so do. Sai s 6 tinh toan thu duoc so voi phucmg phap gia trj ttic then la khoang 
15 - 20%. D&y la dieu chap nhan duoc vi tinh don gian cua phucmg phap. 

Gia thie't tai la tro cam. De cac thyristor co the chuyen mach duoc thi va'n 
da co ban la di^n ap tren tu C phai ch$m pha so voi dong di6n nghjch luu 
mot goc p, sao cho p>cot r , trong do t r la thtii gian phuc hoi tinh chat khoa 
cua van. 

Goi Q c , Q l tuong ting la cong su£t phan khang trtn tu C va tr£n tai, P, la 
cong sua't tac dung tr£n tai 

Theo bieu do vector: 

t c p - h ~ ^ _ Q c - Ql 

Ir IrUc P t 

Tu do ta thay rang mud'n tao ra goc vrrot trirotc gitta dong dien va dien ap 
tren dau ra nghich luu mach tai (gitfa difirn c va d tren so do hinh 5.3.a) phai 
co tinh dung khang. Muon vay c6ng suat cua tu chuyen mach C phai du de 
bu hoan toan cong suat phan khang tren tai Q L va doi ra mfit phln de tao 
goc vupt truoc (3. Nghla la: 

Qc= Qi+ Qp 
Qp=Pdg P 

Trong do P>P mm =(ot r 

Neu bieu diln Q c = U C I C = mCUf- 

Ta co the thay rang cr tin so thap Q c c 6 the kh6ng du ldn de’ duy tri goc p. 
V6 y nghia v|t ly didu nay dupe giai thich boi of tin s6' thl'p, nghla la thcri 


9 -GTPTCS 
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gian T/2 qud Idn, tu se phong di£n m6t phdn qua tai, do do difcn dp tvtn tu o 
cud'i nira chu ky thd'p, kh6ng du 66 duy tri goc p. 

Vdi NLDL ngudn dong song song khi tai nho dong i s se chu ydu nap cho 
tu C va co ihi lam cho dien ap tren tu tang len qua ldn, danh thung cac van. 
Khi tai Ion dong qua tu se nho, do do didn ap tr£n tu nho, khong du d£ duy 
tri goc p. Co th£ ket ludn rang NLDL ngudn dong song song chi co th£ lam 
vifcc diroc vdi tai thay ddi trong m6t pham vi nhdt dinh. 

Co thd dam bao kha n&ng lam vi£c cua so d6 b tdn s6 thtfp bang cdch 
dung so do co di6t each ly. Trong so do nay tu C duoc phdn ra lam hai nhom 
C lf Q, each ly vdi mach tai bdi cac di6t D„ D 2 , D 3 , D 4 . M6i tu se lam nhi#m 
vu chuyen mach cho mdt nhom van ri6ng re nhu duoc th£ hien tr6n so d6 
hinh 5.4. 

L 


Hinh 5.4. NLDL ngudn 
dong song song, so do 
co diot each ly. 



5.2.2. NLDL ngudn ddng ba pha 



0) (b) 

Hinh 5.5. NLDL ngudn ddng ba pha. 
a) so dS nguyen ly; b) dang tin hieu dieu khien. 
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Dang co ban cua NLDL ngudn dong ba pha dupe thS hien-tr6n hinh 5.5. 
Tr6n so dd cac thyristor tu V 5 d£n V 6 dupe diSu khiSn di dan dong trong 
khoang 120% mdi van each nhau 60° nhu tren hinh 5.5.b. Cac tu C h Q, Q 
m£c song song vdi phu tai dong vai tro la cac tu chuySn mach. VS nguyen ly 
boat dong va cac tham so co ban cua so do cung gidng nhu 6 so dd ciu m6t 
pha. Yeu ciu co ban trong nghich luu dong song song la cOng suit phin 
khang cua tu phai bu het c6ng suit phan khang cua tai va doi mot phin de 
tao goc vupt trude giQa dong dien va dien ap. 

De co thS lam vide dupe trong dai tin so rong so do ba pha cung co dang 
so do co di6t each ly nhu dupe the hien tren hinh 5.6. 


L 



Uu diem co ban cua nghich luu dong song song la co kha nang trao doi 
c6ng suit phan khang vdi nguon ludi xoay chieu neu nhu diu vao mpt chieu 
la m6t chinh luu co diSu khien vdi mach vong dong dien. Do do cac so do 
nay co nhieu dng dung trong cac he thong truySn ddng khdng ddng bd. 

5.3. Nghich luu d6c lap ngudn ap 

N£u nhu NLDL ngudn dong diu sir dung thyristor thi NLDL ngudn ap lai 
phai sir dung cac van ban din diSu khien hoan toan nhu IGBT, GTO, 
MOSFET hoac transistor. Trudc day ngudi ta cung dung thyristor trong cac 
nghich luu ngudn ap,nhung phai co cac he thdng chuySn mach cudng bifc rit 
phde tap. Ngay nay do edng nghe che tao cac phin tu da hoan chinh rat 
nhidu nen hiu nhu chi con cac van ban din dieu khiSn hoan toan dupe sit 
dung trong cac nghich luu ngudn ap. Vi ly do nay ma cac nghien cun cua 
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chung ta \6 nghich luu ap dupe dcm gian di r£t nhieu. Trong cac s 0 do dupe 
xem xet dudi day ta deu gia thiet cac van dong cat la mpt dang van di6u 
khien hoan toan nao do. 

5.3.2. Nghich luu doc lap nguon dp mdtpha 



-! 1 


■ Hinh 5.7. NLDL nguon dp mot pha. 

D, 1 

^ D, 7 


^ v 3 

a) so<26 nguyen ly; b) dang dong dien, 


z, 

,_ 1 — ~\ _ 



dien dp tren ede phan tit voi tai tro cam; 





c) dang dong dien, dien dp tren cac phan 

— 


^ r-^V. 

tilt vdi tai dung khang. 

n 

A D ? L 

l _ 

J 




So d 6 mPt nghich liru ap mPt pha dupe biPu diPn tren hinh 5.7.a. So do 
gom 4 van diPu khi^n hoan toan V„ V 2 ,V 3 , V 4 vacac di6t ngupc D,, D 2 , D 3 , 
D 4 . Cac diot ngupc la cac phan tir bat buoc trong cac so d6 nghich luu ap, 
giup cho qua trlnh trao doi cOng su£t phan khang giua tai veri nguon. D3u 
vao mot chieu la mpt ngu6n ap veri dac trung co tu C veri gia tri du ldn. Tu C 
vira co vai tro la tu loc san bang diPn ap trong truPng hop nguon E la mot 
chinh luu, vira co vai tro la kho chufa cOng sua't phan khang trao doi vPi tai 
qua cac dipt ngupc. NPu khPng co tu C hoac tu C qua nho dong phan khang 
se khong co duPng chay gay nPn qua dien ap trPn cac phin tuf trong so do. 

Cac van trong so do dupe diPu khi£n mP trong m6i nua chu ky theo tiimg 
cap, Vj cting vPi V 2 , V 3 ciing vPi V 4 . Ket qua la dien ap ra se co dang xoay 










chieu xung chu: nhdt vdi bien dd bdng dien ap nguon ddu vao, khdng phu 
thuoc vao phu tai. Hinh dang dong dien se phu thuoc tai va tinh chat cua tai 
nhu ducrc bieu dien tren do thi hinh 5.7 b va c. 

Dien ap ra dang xung chu 1 nh&t neu phan rich ra cac thanh phan cua chu6i 
Fourier se gom cac thanh phdn song hai vdi bien do bang: 

jjin) _ ^ E(-l + COS(7tn)) 

Ten 

Nhu vdy trong dien ap ra t6n tai cac thanh phan song hai bac ie 1,3, 5, 
4E 4E 4E 

vdi bien dd bang —,... Vdi mdt so phu tai yeu cau dien ap ra 

n 3n 5n ' r 

phai co dang sin co the dung cac bo loc de loc bo cac thanh phan song hai 

bac cao. Mdt so phuong phap dieu che dd rong xung khac co the su dung de 

giam thanh phdn song bac cao nhu se gidi thieu sau day. 

5.3,2. Dieu chinh dien dp ra trong nghich h(u doc lap nguon dp 

Trong NLDL nguon ap, dien ap ra co dang co dinh, khdng phu thuoc vao 
phu tai, vi v$y phai co bien phap de co the dieu chinh dien ra khi co yeu cdu. 
Dien ap ra tren tai co the dieu chinh bang cac phuong phap : 

1 Dung chinh luu co di£u khidn. Phuong phap nay co uu diem la don 
gian, chic chan. Tuy nhien dang dien ap 6 dau ra cua chinh luu co dieu 
khi^n se co do nhap nho ldn neu 6i6u chinh sau. Day la dieu khong mong 
mudn vi se anh hudng manh den che dd lam vide cua nghich luu. 

2. Dieu chinh do rdng xung cua dien ap ra nghjch luu bang each thay doi 
khoang dan cua cac van. De dam bao dang dien ra khdng phu thude phu tai 
trong qua trinh dieu chinh cac van tren dudng cheo se chi cung met trong cac 
khoang: 

V h V 2 : 0 -s- t x 
V,, V 4 : T/2 -j-T/ 2 + t x 

Trong cac khoang t x + Ti2 vaTI2 + t x +T phai ngdn mach tai de dien ap 
tren tai bang 0. Trong cac khoang do co the ngdn mach tai len (+) hoac (-) 
cua dudng dien ap mdt chieu nhu dupe minh hoa tren hinh 5.8. 

Nhupc didm cua phuong phap nay la thanh phdn song hai tren dien ap ra 
se thay doi trong qua trinh dieu chinh. 

3. Dieu chinh dien ap ra bang phuong phap edng dien dp ra cua hai bd 
nghich luu vdi cac goc pha khac nhau. Dieu nay dupe minh hoa tren hinh 5.9. 
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+E 


Hinh 5.8. Dieu chinh 

-E 

dien dp ra nghich luu 

V, 

bang phucmg phdp thay 

- 

dSi do rdng xung. 

V, 


V, 


V. 


!t 


T/2 


T/2+t, 


T t 



Hinh 5.9. Dieu chink 
dien dp ra nghich luu 
bang phuetng phdp 
cong dien dp ra cua 
hai b6 nghich htu. 


4. Phirong phap bie'n dieu hi rOng xung (PWM - Pulse Widtl 
Modulation). Day la phucmg phap ti£n tien , hieu qua nha't vi: 

- Vira di£u chinh duoc di6n ap ra, Vila diiu chinh dude tin so. 

- Di6n ap ra gin vdi hinh sin. 

- C6 Xhi dung chinh luu khdng di£u khien 6 diu vao nghich luu lam tanj 
hieu qua cua so do. 
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N6i dung cua phuong phap bi£n di£u b 6 r6ng xung la so sanh m6t song 
sin chuin, co tin s6 bang tin so cua dien ap ra nghich liru mong mu6n, v6i 
mot di6n ap rang cua tin so cao, c5 2t 10 kHz. Phuong phap bi£n di£u hi 
rong xung co nhi^u dang, trong do co hai dang don gian la: bi&'n di£u b£ 
r6ng xung ra mOt cue tinh va hai cue tinh. Theo dang ap ra mot cue tinh 
nhtfng khoang dien ap sin chuin cao hon dien ap rang cua mo van d£ dua 
dien ap ra tai, trong nhCrng khoang dien ap sin chuin thip hon di6n ap rang 
cua khoa van di dien ap ra tai bing kh6ng. Di6n ap ra se duoc tao thanh 
ri£ng cho nura chu ky duong va nira chu ky am. Theo dang ap ra hai cue tinh 
ditn ap ra se la +E khi sin chuin cao hon xung rang cua va la -E khi sin 
chuin Chip hon. Hinh 5.10 m6 ta nguyen ly hoat dong PWM cho hai truemg 


iiiSmSBifl&Sssi 


wsmamm 



Hinh 5.10 . Nguyen ly PWM. 
a) dp ra mdt cUc tinh; b) dp ra hai cUc tinh 

D6'i vdi hai van tr£n chng mdt nhanh ciu tin hi£u diiu khi^n gifla cac lin 
khoa m6t van tr£n met m6t van dudi va nguoc lai phai co m6t thdi gian tre tdi 
thieu nham dam bao van da khoa lai chic chin trude khi van kia md ra. Nfc'u 




khdng se xua't hian ddng dam xuydn lam tang tOn that trdn so dd, tham chi 
co th i phi hong cic van. Hinh 5.11 md ta sU xu£t hidn dong dam xuydn va 
ydu cdu dd'i vdi tin hiau di8u khi£n. 



Hinh 5.11. Ddng dam xuyen va yen cdu d6i vdi tin hieu dieu khien. 

Nhu vay dien ap ra se g6m day xung co do rong thay ddi vdi chu ky lap 
lai bang chu ky cua song rang cua. Dang ap nhu vay chua thanh ph&n song 
hai bac nha't vdi tan s 6 bang t^n sd cua song chu dao, bi6n do phu thudc ha 
sd bie'n dieu 8, trong do: 

* u c , m 


0 < 6 < 1 

U cm : bidn do cua song sin chu dao, 

U r m : bidn dp song rang cua. 

Khi 5=0 U f =0; 5=1 U r =U )V ^ x 

Dipn ap ra se chua cdc thanh ph2n s6ng bac cao vdi t£n sd bang cac bpi 
sd cua tan sd xung rang cua. Do tin sd xung rang cua rat cao so vdi tin sd 
sin chu&i n6n rdt da dang loai bo dupe cac song hai bac cao nay. Day la uu 
didm co ban cua phuemg phap bidn dieu bd rpng xung. Nhupc diem cua 
phuemg phap nay la cac van phai lam vide vdi t£n sd ddng cat cao nan tdn 
hao edng sudt do ddng cat ldn, ha thdng didu khidn cung phde tap hofn. 

5.3.3. Nghich luii doc Idp ttgudn dp ba pha 

So dd mot nghich luu ap ba pha dupe bidu didn tran hinh 5.12.a. So dd gom 
6 van dieu khidn hoan toan V„ V 2 ,V 3 , V 4 , V 5 , V 6 va cac didt ngupc D h D 2 , D 3 , 
D 4> D 3 , D 6 . Cac didt ngupc giup cho qua trinh trao ddi edng sudt phan khang 
giua tai vdi ngudn. Din vao mdt chiPu la mpt ngudn ap vdi dac tnmg cd tu C 
vdi gia tri du ldn. Phu tai 3 pha ddi xufng Z A =Z B =Z C cd tht£ din Y hoac A. 
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Hinh 5.12. NLDL 
nguon dp ba pha 

a) so do nguyen ly; 

b) dang dong dien, 

dien dp. 








Di tao ra he thdng dien ap xoay chi£u ba pha co cung bien d6 nhimg lech 
pha nhau m6t goc 120°, cac van duoc di£u khi^n theo thur tu nhu duoc ky 
hidu tren so do, m6i van se vao din each nhau 60°. Khoang dieu khien din 
cua m6i van X c6 the trong khoang tCf 120° den 180°. D6 thuin tien cho viec 
xiy dung he thrfng di6u khien X thudng duoc chon cac gia tri 120°, 150° 
hoac 180°. 

Tren hinh 5.12 cac van duoc dieu khien din, vi du la 180°. Theo doi 
khoang din cua cac van co the My duoc nguyen tic tao thanh he thd'ng dien 
ap ba pha tren tai. 

0< 0 < 60° : V„ V,, V 6 din. So d6 tuong duong cua mach tai nhu trSn 
hinh 5.12. Do Z„ song song vdi Z c va noi tifep vdi Z H va cac trd khang tai deu 

1_ 2 _ ■ 

bang nhau n6n u A = uc = -fc;u B - ■ 

Tuong tu nhu vay ta co: 

2 _ 1_ 

60° < 9 < 120°: V„ V 2> V 6 dan u A = -E;u c = u B = -h 

l „ 2 E 

120° < d < 180°: V 2 , V„ V 4 din u A = u c = -E;u B = -E 

Tit do ta My duoc difen ap trfen cac pha co dang bac thang nhu duoc bieu 
diln tren hinh 5.12. Dong tai duoc the hien cho trudng hetp tai trd cam. 

Ngay nay nghich luu ap ba pha thudng duoc dung chu yfe'u vdi bien dieu 
be rdng xung, dam bao dien ap ra co dang hinh sin. De dam bao difen ap ra 
co dang khdng phu thude phu tai ngudi ta thudng dung bien dieu be rdng 
xung hai cue tfnh, nhu viy m6i pha cua so d6 ba pha co the duoc difeu khien 
ddc lip vdi nhau. VI du or pha A, khi V, duoc difeu khifen md thi V 4 khoa va 
nguoc lai. 

Van de chtnh trong bie'n dieu be r6ng xung ba pha la phai co ba song sin 
chu dao co bien dd chmh xac bang nhau va lech pha nhau chmh xac 120° 
trong loan bd giai dieu chinh. Difeu nay rSft kho thuc hien bing cac mach 
tuong tu. Ngay nay ngudi ta da chfe tao cac he thd'ng difeu khien bien dieu bd 
rdng xung ba pha bdi mach s 6 vdi mdt bo vi xCt ly die biet. Nhd do dang 
xung dieu khien ra se tuyet dd'i ddi xumg va khoang din cua mdi van se ductc 
xac dinh chi'nh xac, kfe ca thdi gian tre giua cac van trong cung mdt pha de 
tranh dong d&m xuyen gifta hai van. 
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Hinh 5.13 m6 ta ciu true cua mot hi thing d\6u khi£n biin diiu bi ring 
xung ba pha. 



Hinh 5,13, Cau true cua mdt he thd'ng dieu khien hien dieu 
he rdng xung ha pha. 


5.4. Nghich luu cong hudng (NLCH) 

NLCH li cac bd biin dii dac biit thudng dung thyristor. Dac diim cof 
ban cua NLCH la co phu tai li mot mach vong dao ddng vdi d6ng hoac ap 
c6 dang hmh sin, do do cac thyristor trin so d6 se chuy^n mach tu nhiin. 

NLCH thudng duoc dung di tao dong diin, diin ip gin sin vdi tin si 
tuong dii cao (tit vii tram Hz din 30 kHz). NLCH co ung dung rdng rai 
trong linh vuc gia nhiit cam ung, niu luyin thip cam dng, trong do d6ng 
diin cam dng trong cac vat liiu sit tir cung cip nang luong lam tang nhiit dd 
cua vat, khbng cin din sir tie'p xuc giua ngu6n nhiit vdi vat bi nung nong. 
NLCH chrnh li ngudn cip nang luong vdi hiiu suit cao trong cac thiit bi tdi 
cao tin, lo niu thep cam dng,... NLCH cung duoc dung trong cac thiit bi 
quiy thep dang n6ng chay. 

Qua trinh diin tur trong NLCH kha phde tap vi thing si cua phu tai thay 
dii trong mdt pham vi ring. 

5.4.1. Nghich lieu edng hating song song 

NLCH song song co so di gid'ng nhu NLDL nguin ding song song d 
5.2.1 nhu duoc biiu diin trin hinh 5.14. Khic biit chinh d day la mach phu 
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tai thircmg la tai tror cam voi he sd' c6ng suit rat thap, ca 0,1 de'n 0 5 Tu C 
song song vo, phu tai va phai tao vdi ta. mach vong dao dong song song. 
Difin cam dau vao L a co gia tri lft, nen dau vao co the coi la nguon dong 
i do dong nghich liru co dang xung chu nhat, con dien ap co dang gSn sin 
nhudiroc the hien trdn do thi hinh 5.14.b. ' S 8 



dong dien , dien ap. c) dd thi vector. 


1 - Che do xac lap 

. IT® T d6 ** C ' • P d ‘• n lkl c6 d ? n § 8 |n sin - v 'i vay cac ttnh loan 

CO the six dung phucmg phap song hai bac nhat. Tu bieu do vector ta co: 
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tgp = 


Qc-Q, 


Dien ap tren <Mu vao nghjch luu co gia tri trung binh la: 

2U 

U a b = “—~ cos P . 

7t 

Neu bo qua ton that tr£n cu6n cam L a thi dien ap trung binh tren L a phai 
bang 0, nghla la: 

E = U ab 

Bo qua cac ton that tren scf d6 thi c6ng su£t phia m6t chi^u bang cong 
suat phia xoay chieu phat huy tren tai: 

P^E^P, 

Ttr do co th£ xac dinh duoc gia tri can co cua dong m6t chieu d£u vao: 

I 

d E U ab 

Ta se tinh toan cac thong so cua so d6 cho m6t vi du sau day: 

Vi du: Tai la cu6n day cua mot 16 dien cam ting voi cac thong so sau, 

- Cong suat P t =300 kW, 

- Di6n ap dinh mure tren cuon day: U,=800 Vac, 

- Tin s6 lam vide felkHz 

- He so cong suat cua tai cosq>,-0,4 

- Thcri gian phuc hoi tinh chat khoa cua van t r =20 ps. 

P 300 

Cong suat toan pMn cua tai bang: S( = —— =-= 750(kVA) 

cos<p t 0,4 

C6ng suat phan khang cua tai: Q t =StSin(p t - 750^1 -0,4 2 
= 682,5(kvar) 

Goc nghich luu nho nh£t: p m j n = cot r = 27t. 1000.20.10 6 = 0,1256(rad) 

Tu C phai co cong suat du di bit h£t c6ng suat phan khang cua tai va tao 
ra goc virot tru6c p>p min . Chon P=P mui +30°=0,6489(rad). Nghla la: 

Qc = P t tgp + Q, = 909(kvar) 
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Vdi 


Qc = coCUc => C = Qc 


909.10 3 


E = U ab = 


2LL 


n 


coUc 2 tt. 1000.800 2 
-cosp = 576(V) 


= 226(pF) 


T P t 300.10 3 

la = —=-= 520(A) 

E 576 


2. He thd'ng dieu khien NLCH dong song song 
a) Van de khai d6ng 

NLCH nguon dong chi lam viec trong che' dd mach tai la mach dao dong. 
Nhir vay v£n de d£u tien la cin tao ra it nha't m6t chu ky dao d6ng tren tai, 
sau do la dieu khien cac van de dao dong tr6n tai tiep tuc dircrc duy tri. Di 
cung cap n&ng luong cho tai thi nguon vao phai lam viec a ch6' dd ngu6n 
dong, nhu v&y luc ban d^u phai tao ra mot nguon dong xac lap. So do NLCH 
vdi mach khdi ddng duoc the hien tren hinh 5.15. 



Hinh 5.15. NLCH vdi mach khdi ddng. 

Tren so do hinh 5.15 mach khdi dong bao g6m dien trd R, c£u chinh lirn 
CLj, thyristor V K , K la ti6'p diem cua mdt cdngtacta khai ddng. Khi bat dlu 
khdi dong tidp diem K n<5i mach cho CL^ nap dien cho tu Q, d6ng thdi n6i R 
vao mach tai cho c3u chinh luu chmh tao ra dong I d qua cu6n cam L. Sau 
mdt khoang thdi gian xung di£u khi£n dua d£n mo thyristor V K . V K mo, tu 
Q phong didn qua mach tai tao nen dao dong tren tai. Sau m6t nira chu ky 
dao d6ng V K se tu ngat ra. Tie'p diem K se ngdt ra sau mot khoang thdi gian 
dinh trudc. He thdng dieu khien cac thyristor chinh se hoat dong de duy tri 
dien ap tren tai. 
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b) Mach di£u khien cac thyristor nghich liru 
Dua tren bieu thirc dong dien: 

i s = i c +i 1 

va thoi diem dong i s qua 0 chinh la thoi diim phat tin hieu dieu khien mcf 
cap van ti^p thecrta co so d6 mach tao tin hieu dieu khien cac thyristor nhu 
tren hinh 5.16. Dong qua tu C va qua tai ddu co dang g&n sin ntn co the de 
dang do duoc nhd cac bie'n dong. G6c nghich liru p co the dude dieu chinh 
bang each thay doi thanh ph£n cac vector \ nhir duoc thi hien tren hinh 5.16. 



Hinh 5.16. Mach tcio tin hieu dieu. khien cac thyristor chinh 
c) V&'n de diiu chinh edng suat 

He thtfng dieu khi£n theo nguyen ly tr£n day se dam bao goc p khong 
d6i, do do gitta dien ap m6t chieu E d va dien ap tren tai se quan he voi nhau 
2u m 

theo bieu thirc E d = —— cosp , nghia la vdi m6t gia tri nao do cua cua U c se 

7C 

xac dinh mot gia tri cua E d . Mach dien tr£n hinh 5.17 thirc hien nguyen ly 
dieu chinh tren. 



Hinh 5.17. Sadd mach dieu chinh gid dien dp E d theo U c . 
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S o do tren hinh 5.17 con thuc hien churc n&ng ban che (J c kh6ng vudt qua 
mot gia tri dat trircfc. 

Vcfi mach phan h6i dien ap tren tai, dong dien dau vao l d se do tai yeu cAu 

p 

V1 Id = — * Oe dam bao an toan he thong dieu khi^n con cAn them mach han 
h-d 

chddong di£n I d ^I djnax . 


5.4.2. Nghich luu cong huctng nguon dp 

Sa do NLCH ngu6n ap duoc cho tren hinh 5.18, trong do mach phu tai la 
mach dao dong noi tiep R-L-C, ngudn m6t chieu dAu vao la ngudn ap. 



Hinh 5.18. Set do NLCH nguon dp . 
a) so do nguyen ly; b) dd thi dang dong diin, dien dp. 

TSn so dao d6ng ri£ng cua mach tai la: 

„ L 
Q = “ l R 
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So d6 duoc sir dung hi£u qua nhit vi mat phit huy c6ng suit trin tii niu 
tin s 6 lam viic thoa man diiu kien: 

to < coq < 2o 

hay X 

T>Ti>- 

Trdn do thi hinh 5.18-b biiu diin dang di6rwap va dong di£n tr£n cac phin 
tir trong trucmg hop nay. Co thi thiy dong di6n co dang rit gin sin> vi v&y co 
thi tmh toin cac thdng s 6 cua so d6 trong chi dd xac lip dung phuong phap 
song hai bic nhit. 



Hinh 5,19. Dung dong dien, dien dp tren tdi trong die dd tan sd'thd'p T>2T 0 . 

Tren hinh 5.19 thi hidn dang dong va ap tr6n tai trong chi dd tin s6 thip. 
Qua do co thi thiy o tin si thip thfri gian khoa cua van co thi rit dai. Chrnh 
vi viy NLCH ngudn ap co thi khoi dong dl dang bing cich bit diu lim vide 
tiir tin si thip r6i tang din. 

Cdng suit co thi dtrpc dieu chinh bang each tang din tin si lim vide din 
chi dd to < coq < 2co trong khi phai co mach dam bao thefi gian phuc hii tmh 
chit khoa cua van t k >t r . 


10 -GTOTCS 
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C£u hoi on tap 

1. Nghich luru doc lap la gi? 

2. Co may loai nghich liru doc lap? 

3. Phan bi£t ngu6n ap va ngudn dong. Cach tao ra ngu6n ap, nguon dong 
trong thuc te. 

4. Uu nhuoc di£m cua NLDL nguon d6ng 3 pha cua so do kh6ng co va 
co di6t each li? 

5. Nh&ng dieu gi c&n chu y khi dieu chinh di£n ap ra trong NLDL 
ngudn ap. 

6. Lfu nhuoc diim cua phuong phap bi£n dieu be rang xung? Neu so d6 
ca'u true di£u khi&i cua phuong phap nay trong nghich liru ap 3 pha. 

7. The nao la NLCH. Dac di6m ca ban cua NLCH la gi? 

8. Phan biet uu, nhirpe di£m cua NLCH song song va NLCH noi tiep. 
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Chirong 6 

CAC B0 BIEN TAN 


6.1. Cac khai mem co ban 

BiS'n tan la cac bd bien ddi dung dd bidn ddi ngudn didn ap voi cac thong 
so di6n ap va t&i so khdng ddi, thanh ngudn dien ap \6i d itn ap va tin so 
thay ddi dupe. Thong thudng bien tan lam viec vdi ngudn dien ap diu vao la 

dien ap ludi nhung ve nguyen tic bien tin co the lam viec vdi ba't cu ngudn 
di€n ap xoay chidu nao. 

y e nguyen ly bien tan chia lam hai loai: bien tin gian tidp va bien tan 
true tiep. Bien tan gian tidp, hay con goi la bien tin co khau trung gian mot 
chieu. dung bd chinh luu bien ddi ngudn didn xoay chidu thanh ngudn mot 
ctneu, sau do lai dung bo nghich luu bidn ddi ngudn mot chidu thanh ngudn 
xoay chieu. Khau trung gian mot chidu dong vai tro mdt kho tfch tru nang 
litong duot dang ngudn ap, dung tu dien, hoac ngudn dong, dung cu6n cam 

f ra rn6tkMu c } ch l y nhat d ‘ n h gi&a phu tai va ngudn dien ap ludi. Bien 
tan true tiep, khac vdi bien tin gian tiep, tao ra dien ap tren tai bang cac 
phan cua dien ap ludi, mdi lin ndi tai vao ngudn bang mdt phin tu dong cat 

duy nhat trong mdt khoang thcri gian nhi't dinh, khdng thdng qua mdt kho 
nang luong trung gian nao. 

Do khac nhau vd mat nguyen ly nhu vay, trong bien tin true tidp phu tai 
co the trao ddi nang luong vdi ludi didn mdt each lien tuc. Day chinh la dac 
tinh uu v.et cua bidn tin true tidp so vdi bidn tin gian tidp, nhit li ddi vdi 

“^ h ; r thon8 dl f cor c6n H su * vi cue ldn, tit hing tram kW ddn vii 
MW. Ngoai ra ton hao edng suit d bidn tin true tidp cung it hon vi phu tai 
c n i voi ngudn qua mdt phin tur d<5ng cat, khdng phai qua hai phin tu vi 
qua khau trung gian nhu d bidn tin giin tidp. Tuy nhidn so dd van vi q Uy 
uit didn khien d bidn tin true tidp se phuc tap hon nhidu d bidn tin gian 
tidp. Vo. ky thuit didn tur va ky thuat vi xu ly phat triin hien nay thi vin dd 
nay hoan toan co the khac phuc dircrc. 

6.2. Bien t&n giin tiep 

Bien tin gian tidp dupe ciu tao tur bd chinh luu, khau lpc trung gian va bd 
nghich luu la cac bo bidn ddi da dupe gidi thieu ky 6 cac phin tren. Vi viy d 
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day ta chi ci n gicri thieu khai quat m6t s 6 so do dd th&'y mot s 6 didm dac biet 
d cac so dd thuc td. 

Tuy thuoc khau trung gian mot chieu lam vi6c trong chd do nguon dong 
hay nguon ap bidn tdn chia ra lam ba loai chinh: 

• Bien t£n nguon dong. 

• Bidn t3n nguon ap vdi ngudn co dieU khien. 

• Bien tan ngudn ap khong dieu khi^n (su dung nghich luu ap bidn dieu 

b 6 rong xung). 

1) Bien tdn nguon dong 

Bien tan nguon dong dung chinh liru co dieu khien, nghich luu thyristor. 
Uu diem co ban cua bidn tSn loai nay la co so do don gian nh£t va su dung 
loai thyristor vdi tin so khong cao lam. 





Hinh 6.1. Bien tan nguon dong. 

Tren so do chinh luu co dieu khidn cung vdi cuon cam tao nen ngudn 
dong cap cho nghjch luu. Nghich luu d day la so do ngudn dong song song. 
H t thong tu chuydn mach dupe each ly vdi tai qua he thdng diot each ly. 
Dong ra nghich luu co dang xung chu nhat, dien ap ra co dang tuong doi sin 
neu phu tai la dong co. 

LTu didm cua bien tan loai nay khi dung vdi ddng co khong ddng bo la so 
d6 co kha nang tra nang lupng vd ludi. Khi dong co chuyen sang ch6 dd may 
phat dong 6iu vao nghich luu van dupe giu khong ddi nhung chinh luu 
chuydn sang lam vide vdi goc didu khien ldn hon 90, nghTa la chuyen sang 
che do nghich luu phu thude, nhd do nang lupng tit phia nghich luu dupe dua 
vd ludi. Bidn tin ngudn dong cung khdng sp chd do ngdn mach vi co h t 
thdng giu* dong khPng ddi nhd chinh luu co dieu khidn va cuon khang trong 
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mach m6t chieu. V6i cOng suit nho thi so dd nay khdng phu hop vi hieu suit 

Kem va c6ng kenh nhung vai cong sua't ca tren 100 kW thi ddy la m6t 
phucmg an rat hieu qua. 

Nhuoc di£m cua so d 6 nay la he so cdng su£t th*p va phu thu6c vao phu 
tai, nhat la khi tai nho. F 

2) Bien tan nguon ap vai nguon co di6u khien 




Hinh 6 2 Biin tdn ngudn dp vai ngudn co dieu khien . 
a) Chinh luu c6 diiu khien; b) Dilng chinh hat khdng 
dieu khien vd bo bien doi xung dp mdt chieu. 

Bien tan ngudn ap loai nay dung nghich luu ngudn dp vdi ddu vao mdt 
“ dieu kJuen duoc. Didn ap mdt chidu cung cdp co the’ dung chinh luu co 
dtdu khien hoac chinh luu khdng dieu khidn, sau do didu chinh nhd bd bitfn ddi 
xung ap mdt chidu. Vdi phuong an thur hai thi ht so' cdng su£t cua so d 6 khdng 
ddt, khdng phu thudc phu tai. Tuy nhien khi do so 66 se qua nhieu khdu bien 
doi va hieu suat se kem, do do chi phu hop cho tai nho, dudi 30 kW. 

Bien tin ngudn ap co dang dien ap ra xung chB nhat, bien do duoc didu 
chinh nhd thay ddi didn ap mot chieu. Hi„h dang va gia trj dicn ap ra'khdng 
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phu thudc phu tai, dong didn do tai xac dinh. Didn ap ra c6 dd meo phi tuyen 
ldn, co thi khong phu hop vdi mot so loai phu tai. Ngay nay btffh tin nguon 
ap duoc chi tao chu yd'u vdi dien ap ra bidn didu be rong xung. 

3) Biin tin nguon ap bidn didu be rong xung. 



Hinh 6.3 . So dd bien tan nguon dp bien dieu be rong xung. 

Bi£n tin loai nay dung chinh luu khong didu khien d dau vao. Dien ap va 
tan s6 a diu ra se hoan toan do phin nghich luu xac dinh. Nghich luu thudng 
sir dung cac van dieu khiSn hoan toan nhu GTO, IGBT, transistor cong suit. 

IGBT hoac transistor c6ng suit duoc sd dung cho bien tan c6ng suit tdi 
300 kW, dien ap ludi dau vao din 690 V. Tin so song mang thucmg din 12 
kHz ddi vdi cong suit tori 55 kW, vdi cdng suit 1cm hon tin so nay bi gidi 
han dudi 3 kHz. 

GTO duoc su dung cho cac biin tin cdng suit tren 300 kW, dien ap ludi 
den 690 V, tin si song mang 1 kHz. 

Tin si dong cat cao trong biin diiu bi rdng xung tao ra di6n ap diu ra 
gin nhu hinh sin hoac chi cin nhung mach loc LC don gian la co the tao ra 
diin ap hinh sin tuyit dii. 

Vi sd dung chinh ltru khdng diiu khi£n d diu vao nin hi s 6 cdng suit cua 
so do gin nhu bang 1 (cd 0,98) va khdng phu thudc vao phu tai. Tuy nhiin d 
thdi diim dong dien ban diu dong nap cho tu mdt chiiu co the co gia tri rit 
ldn, cin phai duoc han chi. Cac bien phap han che dong khdi ddng nap tu 
ban diu duoc thi hiin trin hinh 6.4. 
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Hinh 6.4. Cdc bien phap hqn cheddng nap tu ban dau . 
a) Dung thyristor trong mach nap tu; b) Dung tiep diem c6ng~tac-ta; 
c) Dung cdng-tdc-to phuya diin tra hqn che song song vox cdng-tac - to ch in h; 
d) Dung cdu chinh luu ban dieu khien. 

6.3. Bien tin true tiep 

6.3.1. Nguyen ly bien tan true tiep 

So d6 c a ban cua bien tin true tiep cho tr£n hinh 6.5 a va b. So dd gom 3 
pha dien ap ra. M6i pha dien ap ra tao bdi m6t scf do. vd nguyen tic chinh la 
so dd chinh luu co dao chidu, gom hai ciu chinh lixu 3 pha ngupc nhau. M6i 
c&u chinh luu co nhiem vu tao ra mdt nura chu ky dien ap ra, dirong va km. 
Nufa chu ky dien ap ra dupe tao ra. bdi so d6 chinh luu lam viec vdi dien ap 
di6u khien thay ddi theo mdt hinh sin chu^n, co tin s6 cham hon t^n s 6 dien 
ap ludi. Nhu vky dien ap d£u ra bao gdm cac doan cua dien ap ludi vdi t£n sd 
dap mach bang tin sd dap mach cua so dd chinh luu tuong ting, nhung vdi 
goc didu khidn a lien tuc thay ddi theo sir thay ddi cua dien dp dieu khien. 
Vd nguyen tSc cac bo bidn ddi co dao chidu nay co thd lam viec theo nguyen 
tac dieu khien chung hoac dieu khien rieng. Tren so dd hinh 6.5.a mdi pha 
dien ap ra duoc tao bdi mot so dd tia ba pha co dao chidu. Trdn hinh 6.5.b lai 
su dung so dd ctiu ba pha, Dang dien ap ra treo mdt pha cua so dd hinh 6.5.a 
cho tren hinh 6.6. Ta md ta nguyen ly bien tan true tiep theo phuong phap 
dieu khidn rieng cho cac bd bidn ddi dao chidu tren mdi pha. Phuong phap 
dieu khidn rieng cho phep loai bo cudn khang can bang trong cac bd bidn 
ddi la mot ky thuat tidn tien thudng dupe ap dung hidn nay. 
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Hirth 6.6. Dang diin dp ra mdi pha cua so dd hinh 6, 5 . a. 

Nguyen ly tao diln ap ra cho bien tin true tiep o day dung cho cac 
thyristor chuyen mach tu nhien. Do do tin so dien ap ra phai thi'p hon nhilu 
so vdi tan sd luoi. cd 10 - 25 Hz. Tuy nhien ne'u su dung cac van ban din 
di£u khidn hoan loan thi co the dat duoc tin sd' ra cao hon. Nhu da bie't dien 
ap ra cua so d6 chinh luu phu thuoc goc di6u khien a theo quy luat: 

Ujot = U d(1 cosa. 

N& su dung quy lull difiu khidn arccos, sao cho a=arccosU dk thi ta se co 
Khi thay doi U M theo quy Luat U Jk =fj.sin(co 2 t) ta se co duqc: 

U d a= U d0 psin(w 2 t), 

Trong do: 

co 2 la mfit tin so goc nao do nho hon tin s6 goc cua dien ap ludi. 

H =UJU dkmax : he s 6 bien dieu, 0 < ju< 1. 

D6 thj hinh 6.6 m6 ta nguygn ly tren. Theo nguyln ly dilu khien nay mot 
dien ap sin chuln vdi tin so goc a> 2 duoc so sanh voi he thong dien ap tua 
dang cosin d i xac dinh goc dieu khien a cho m6i van lam vile trong so d6 
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chinh luu ba pha. N6u thay d6i bi6n d6 cua di6n ap sin chu&i so vdi bien d6 
cua dien ap tua, nghla la thay d6i he s6 bien dieu p, ta co thi di£u chinh 
duoc gia tri cua dien ap d£u ra. 

Trong cac so do chinh luu 3 pha goc di£u khi£n duoc tinh tit cac di£m 
chuyen mach tu nhien, tfng vdi goc 30 ° theo cac dudng dien ap pha. Nhu 
v$y m6t dien ap pha s6m pha hon 60° so vdi ducmg dien ap pha tuong ihig se 
co die’m cao nha't sau 90 ° t do chfnh la dien ap dang cosin doi vdi tin hieu 
dieu khien. Vi du doi vcfi pha A dien ap dieu khien dang cosin chinh la dien 
ap pha -B. Tren do thi hinh 6.6 he thd'ng dien ap tua dang cosin chfnh la he 
thong dien ap -A, -B, -C. 

Theo nguydn tac dieu khien rieng cac b6 bien d6i chi dao chieu khi dong 
dien ve d£n 0 va sau mot khoang thdi gian tre an loan. Vi vSy neu tai la trcr 
cam m6i bo bi£n ddi se luSn phien lam viec d che' do chinh liru va che dd 
nghich luu phu thuoc. Che d6 nghich liru phu thuoc & m6i be bien doi se xay 
ra khi goc dieu khien a >90°. Nhu v^y trong bien tan true tiep nang luong 
co the trao doi giua tai va nguon theo ca hai chieu. Hinh 6.7 mo ta nguyen ly 
x^y dung he thong dieu khien cho bien t£n true tie'p. 


6.3.2. Nguyen ly xay dung he thong di$u khien bien tan true tiep 
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c thong dieu khien bao g6m khlu phat song sin chuln 3 pha a, b, c, voi 
tan so va bien dp cd the thay ddi dupe theo mong muPn. Khlu quan trong 
trong he thd'ng difeu khien la khau tao dien ap tua dang cosin. Yeu cSu c a 
ban dot voi khau nay la dien ap tua phai 6n djnh ve bien dp va cd dang song 
khOng bi meo. Dieu do co the thuc hien dupe nho bien ap dPng pha mach 
on ap xoay ch.eu va cac mach loc trtn cor so cac phln tu tfch cue nhu khuech 
dm thult toan. Khau so sanh se xacdinh gdc dieu khien cho mdi thyristor 
tren so do. Mach logic dao chicu phat tin hieu cho bo bie'n ddi chieu duong 
hoac chieu am lam vide tuy theo nira chu ky duong hole nua chu ky am cua 
dien ap ra mong muon. Tuy nhien dong dien tren mach life dupe theo doi va 
tm lueu phat xung vao bo chinh luu mdi chi dupe thuc hien khi dong dien da 
ve 0, tre sau rndt khoang thoi gian an toan. 

Co the’ thay so lupng van ban din sir dung trong so do rat Ion, dieu nay 
dan den he thd'ng dieu khien rat phuc tap. Tuy nhien bien tin true tie'p co kha 
nang trao doi nang lupng vdi ludi theo ca hai chieu. dieu nay cue ky quan 
trong do! voi nhung phu tai cong suit rat loti. Tren dd thi hinh 6.6 mo ta cac 
che dp lam viec cua cac clu chinh luu ung voi tai trd cam, vi du nhu dong co 
dien. Co the thay cac che do chinh luu va nghich luu phu thuoc xen ke nhau 
trong moi nua chu ky cua dien ap ra. Do co die t.'nh uu viet nay ml bien tin 
true h£p dugc su dung cho dai cong suat I6n 1000 - 30.000 kW. Vdi edne 
suat ldn nhu vly thi so lupng van su dung va dp phuc tap cua he thdng diPu 
khien kh6ng edn dupe co. la tro ngai vl vln de chinh II kha nang dieu chinh 
cong suit vl hieu suat cua bp bie'n ddi. Vdi nhung he truyfin ddng edng suit 
ion th, V.ec gilm bdt dupe h6p giarn tPc dem lai hieu qua kinh te 16n vi gid 
thanh hdp giam tPc va chi phi vln hlnh dlu rlt cao. Do chinh 11 ly do d 4 
nguoi ta ung dung cac bie'n tin true tilp cho cac cac ddng co cd edng suit 
cue ion, co so vong quay thlp va cln dieu chinh tPc dp. 

Can hoi on tap 

1. ThPnlo II cac bp biPn tin? Phln biet bien tin gian tidp va bie'n tin true 
tiep. 

2. Co nhfing loai bie'n tin gian tiep nao? Cac bien phap nap tu dlu vao 
trong bien tan ngudn ap. 

3. Nguyen ly bie'n tin true tie'p. Uu nhupe di&n cua bi£n l&n true tie'p. 

4. Nguyen ly xay dung he thong di6 u khien cho bie'n t^n true tiep. 
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Chiromg 7 

HE THONG DI^U KHlfiN CAC BO BIEN D6l 


7.1. Cac yeu ciu co ban doi vdi he thong dieu khien 

1. Dam bao phdt xung vcri du cac yeu cdu de mo van 

• Du bien dd, U x . 

• Du do r6ng, t x . 

• Suon xung ng4n (? s =0,5 -5-1 fiS). 

Cac th6ng s 6 li£n quan d€n hinh dang m6t xung di6u khi£n duoc minh 
hoa trfcn hinh 7.1. 

Ux 

Hinh 7.1. Cdc thdng sd 
lien quan den hinh dang xung 



2. Dam bao link doi xibig doi vdi cdc kenh dieu khien 

Vi du d6'i vdi so d6 di6u khi£n cac thyristor trong so d6 chinh liru nhieu 
pha, do lech cho phep cua cac xung di£u khien b cac k£nh khac nhau phai b 
trong pham vi tir l°-r3° img vdi cung m6t gi£ tri ditn ap di&u khi£n . 



Hinh 7.2 . D6 lech pha cua tin hiiu diiu khi£n dd'i vcri so dd chinh lUu 
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+24 Vi 


3. Dam bao cdch ly gitia mach dieu 
khien va mach luc 

Vi du d<5i vdfi bi6n ap xung, thuong 
diroc su dung nhu mot kh£u truy^n 
xung cu6i cung b t^ng khuech dai 
xung, dien ap chiu dung giua so cap va 
thtf cap phai dat duac 1500V-r2000V 
khi so do lam viec vcfi dien ap ludri 
3x380Vac. 

4. Dam bao dung quy luat thay doi 
ve pha cua xung dieu khien 

Day la yeu c£u de dam bao pham vi Hinh 7.3. Cdch ly giita mach 
dieu chinh cua goc dieu khien a, vi du ™ m< ? ch di * u khi ? n 

doi vdi chinh liru co dieu khi An hoac dung bien dp xung 

cac so do bie'n d6i xung ap xoay chidu. 

Thong thircmg , doi vdi chinh liru dieu khi6n goc dieu khien a phai thay 
doi duoc trong pham vi 10°-r 170° . 

5. Co the hqn t he duoc pham vi dieu chinh goc a , khong phu thuoc su 
thay doi cua dien dp luai 

6. Khong gay nhie'u doi vdi cdc he thong dieu khien dien tie khdc d 
xung quanh. 

7. Co kha ndng bao ve qua dp , qua dong , mat pha ... va bao hieu khi co 
sued . 



Hinh 7.4. Gi&i hqn goc dieu khien a 
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7.2. Cac ph&n tfir co ban dime si dung trong mach dieu khi^n 
72.1. K hue eh dai thuat todn 

KhuSch dai thu&t todn la phdn tu ca ban duoc si dung r6ng rai trong cac 
mach didn tur voi cac chtic nang xir ly cac tin hi£u tuemg tu. KhuS'ch dai thu&t 
toan c6 ky hitu tren so do va so d6 tuemg duemg nhu ducrc bi£u dian tr£n 
hinh 7.5 a, b. 




Hinh 7.5. Khuech dai thuat todn. 
a) ky hieu Iren so do; b) so do tuong duemg 

Trong ch£ dd hd mach, dien ap a ddu ra khuech dai thudn toan bang ha s6 
khu6ch dai nhdn voi chanh lech dian ap gitfa hai d&u vao: 

U 0 =Ko(u; +, -U<->) 

Khuech dai thuat loan co cac tmh chat ccr ban ly tuong va thuc te tom tat 
nhu sail: 


Cac thOng s 6 

Ky hidu 

Gid tri ly tuong 

Gia tri thirc t€ 

Tdng tref d&u vho 

K 

v6 ciing ldn, oo 

10 V 10 7 Q 

TOng tro ddu ra 

R. 

gdn bang khdng , 0 

100+250Q 

H6 $6 khuech dai hd 
mach 

Ko 

vd ciing ldn, qo 

10 5 ^ 10 6 


Nau mic ede mach phan h6i gitfa ddu ra vdi ddu vao cua khu£ch dai thuat 
toan ta se co duoc cac khau churc nang khac nhau. Do tmh chat c6 ha s<5 
khua'ch dai r£t ldn tmh chat cua cac mach co phan h6i se hoan toan do cac 
mach phan h6i xac dinh. D£y la ddc tmh quy bau nhdt cua khuech dai thuat 
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toan va lam cho khue'ch dai thuat toan la pMn tijr kh6ng the thieu duoc trong 
cic mach x£r ly tin hieu. Trong che do hd mach khuech dai thuat toan diroc 
su dung nhu nhung khau so sanh. 


7.2.2. So dd ting dung 


a) Mach khuech dai dao (hinh 
7,6) 


Tren so do hinh 7.6 dien ap ra 
d d£u ra cua KDTT bi han ch& 
bdi dien ap nguon nudi. Ap dung 
hai ti'nh chat cua KDTT la: 

1. Tdng trd dau vao v6 cung 

Idn, nghla la khdng co dong di 
vao d£u vao KDTT, do do ta co 
dong /,=/ 2 . (dong qua dien trd Hinh 7 - 6 * Mach khuech dai dao 

RjVa R 2 ). 

2. He s6' khuech dai v6 ciing idn , do do vdi mot dien ap d dau ra U ft nao 
do thi sai lech dien ap giira hai d£u vao (+) va (-) se la vo cung nho , g^n 
bang OV. Dieu nay nghia la ve mat the'co the coi U- +) = U| _) , boi vay diem 



U { '\ con goi la diem M 0 n ao. 

vay 

I,= U/R„ 
I 2 =-UyR 2 , 

do do 

u 0 

Ur 

r 2 

Ri 

Hay: 

U 0 — 

felu, 

l R l ) 

Nhu vay R 2 /R l la he s6 khuech 


dai cua so dd va kh6ng phu thu6c 
vao ban than KDTT. 

b) Mach cong tin hieu 
Giong nhu tren so dd mach 
khue'ch dai dao didm d£u vao 
coi la didm “0” ao va khdng co 
dong di vao KDTT, ta co: 
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nhimg 
suy ra: 


hay 


i 2 = u 2 /r 2 , 
i,=-u^r 3 , 
h =I=I l +I 2 , 


(U 1 /R 1 +U a /R 2 ) = -U 3 /R 3 , 

R 3 


U,=- 


v R i y 



cj Mach so sank 
1) So sanh mot cong: 



6 d£u vao KDTT do t 6 ng trd r£t lorn n 6 n dong di vao KDTT la kh 6 ng 
dang ke, do do: 


ur j = 


R? 


Ri + R 2 


U,+ 


R, 


VR1 + R2 


U 9 


Ntfi W" >t/™ =0V dau ra KDTT t/, se bao hoa a -£/„ 

Neu =W <Mu ra KDTT U s se bao hoa d +(/„. 

2) So sanh 1 cong co tr 6 (Trigo Smith): 

Trong so d 6 .so sanh mot cong co trl 6iu ra cua KDTT co phan h 6 i ducmg 
vdi dau vao th 6 ng qua phan ap R 3 , R 4 . Mach phan h 6 i nay co tac dung lam 
tang khoang each phan bi£t giua d£u vao [/') va lP +) f ngay sau khi dau ra bat 
dau thay d 6 i, dieu nay lam su5n xung 0 d&u ra d 6 c hon (hay noi each khac la 

^ 7 ^- lorn hom). Mat khac d3u ra se chi thay ddi khi dien ap dau vao thay d 6 i 
dt 

vuot qua m 6 t nguong nh&'t dinh, goi la do tr§ nhu dupe minh hoa tr 6 n hinh 
7.9. Di 6 u nay lam kha nang ch 6 ng nhiSu cua so d 6 t 6 t hem. 
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Hinh 7.9 . So sank I cong co tri (Trigo Smith), 
a) so do nguyen ly; b) do thi dien dp ddu ra so vdi dien ap dan vao. 


Theo so dd nguyen ly tren hinh 7.9 ta co: 




u\ +) = 


R, 


bi thay ddi ti* U n 


R, 

1 + R 2 . 


r 3 

R 

3 + r 4 

ra 

dang 1 

-> 

V 

_C 

T 


r 3 


U,+ 


Ui. 


R, 


Ri + R 2 J 


U 2> 


thanh -U n 


R 3 


. D3u ra dang bao hoa a 


R3 + R4 R3 + R4 

-U lt va se chi bi thay doi n6u dau vao Uj thay doi den gia tri &m, nho hon 

_u n ( „ - Khi do Uj trd ve gia trj bao hoa of +£/„. Didu nay diroc minh 

K3 + K4 

hoa tren do thi hinh 7.9.b. 

3) So sanh hai cong 



Vdi scf dd nhtf tren hinh 7.10 neu U,>U 2 thi U 3 neu U,<U 2 thi U 3 

*+U, r 


11 -GTOTCS 
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Nhu v£y mach so sanh m6t c6ng dung d i so sanh cac tin hi£u khdc d&u, 
con so sanh hai cdng dung d£ so sanh cac tin hi£u ciing da'u. 

7.2.5. Mach tao tin hieu rdng cua 

1. Dung khod transistor: Mach tao tin hi£u rang cua dung khoa transistor 
cho trSn hinh 7.11. 



Hinh 7,11. Mach tao tin hieu rdng cita dung khod transistor, 
a) so do nguyen U; h) do thi dien dp tren tu C 


Tr£n so d 6 hinh 7.11 khi T mo, tu C phong di£n qua khoa T, U c ~0. Khi 
T khoa, tu C nap di£n tit +U„ qua R 2 , dien ap trdn tu thay d6\ theo quy luat 
ham mu vdi hang s 6 thoti gian t = RC . 

i 

U c = U n ( 1 -e rtRC) ) = U n 1 -e < 

Dt! la'y doan tuyS'n ti'nh cua dien ap trtn tu co th£ chon T = = 

(1/3).(RC). 

Khidd U CIM =(ll3).U n 

Vidu: U n =+15V,T=10ms 

Chon RC=3T=3* 10ms = 30ms. 

Chon C=0,5jiF,tifd6 R=(30.10 3 )/(0,5.10’ 6 )=60k0 

Vdi R = 60kfi, 1^ = 15/(60.10 3 )= 0,25mA, qu4 nho, vi vay ta phai 
giim nh 6 R. Co thi chon C = 2,2pF, R= 15 kQ. 

2. Dung Ichuech dai thuqt todn: Mach tao tin hieu rang cua dung khue'ch 
dai thuat to£n se cho dd tuy£n tinh cua sudn rang cua ttft hon. So dd cho tren 
hinh 7.12. 
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H inh 7.12. Mach tqo tin hieu rang cm dilng khuich dqi thud1 loan, 
a) so dS nguyen li; b) do thi dien dp 


Tren so d6 hinh 7.12 khi U Jk =-U n , diet D th6ng : 
N&i chon U dz =6 V, ta chon dien tro R, sao cho dong 
lmsdatde'ngiatri U D2 cua di6t 6n ap . 


l a = U M /«,= -UJR 2 . 

qua tu C trong fchoang 


N«u ditng qin tu co git! tri khdng ddi dien tip t,t, ,u dtay d.j, the,, quy 

In*, tuyen ml, U=( W i, d „ dd U&UXHUfr.) = «.,£ Tir d6 

qua tu co gia tri: * 


Ic= C.6.I0 1 . 

Chon tu C= 0.22/aF 

I c = 0,22.10 6 .6.10 3 =l,32(mA), 

R 2 =UA= I2/(1,32.I0- , )=9,05.10’Q. 

Chon R 2 = 8,2kQ. 


r T [,° nS 1 kh ° ing 9mS C6n d6ng qua C ban 8 d 6ng qua dien trer R + R. 
Ta phm chon gia tn dong dien sao cho tu C phong dien ve deh 0V sau dung 


Trong khoang then gian nay dien ap tren tu C thay dfii theo quy luat: 

U c =U co -(VC).t,v6iU a> = U DZ =6V. 

vay : 0= 6- (1,70.9.10’ hay I c =(C.6)/(9.10' 3 ) 

= (0,22. lG' 4 .6)/(9.10' 3 )=0,147.10' 3 (A). 

Vl suy ra R,+ R,= U„/I,- 


= 12/(0,147.10 ’)=82.10’(Q). 

Di hieu chinh diroc dien ap tren tu C dung bang OV sau 9ms va co kha 
nang di6u chinh dien ap rang cua b nhi^u kenh khac nhau ta chon : 

R, =5Iki2Jh dien trer ctf djnh, R, =5lkO la bie’n tro dieu chinh 
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May phat di£n ap rang cira dung KDTT se dam bao d6 tuy£n tmh va d6 
on dinh cao , \ 6 t nha't so vcri cac so d6 khac dung transistor. 

3 . Mach tqo rang ctfa dung ngudn ddng transistor (hinh 7.13) 



Hinh 7.13. Mach tao rang ci(a dung ngudn ddng transistor 
a) soda nguyen li; b) do thi diin dp phong cua tit C 


Mach tao rang cua co chat luong tuong doi tot neu ta tao dong phong cho 
tu bang mot nguon dong. Tren so d6 transister T, lam viec a che do nguon 
dong vl dien ap tren cac dien tro emitor R 5 +R x bang : 

URS+Rx=V,rUm-n=12 V-0,6 V=U,4 V=const. 

do do : 1 ET3 = U R R 5 +RJ =const. 

So do lam vi6c nhir sau: tin hieu dieu khien U dk se met T f trong vong 1ms 
va khoa T, trong 9ms con lai . Th£ emiter cua T 2 duoc co dinh do diot on ap 
D l)Z , vi du neu U DZ = 6 V thi U EU =U, r U l)Z =12-6=6V. Khi T, khoa U c:n * 
12V, do do T 2 cung bi khoa vi thi vua bazct cao hon thi cua emiter. Khi T { 
mo U c:n *OV y phan ap R 2 , R 3 se lam cho bazo cua T 2 £m hon emiter, dan 
din T 2 md. Tu C duoc nap theo dudng tir +U„, D, yz , T 2 , C va diem trung tinh 
cua ngudn. Di&n ap tren tu tang r£t nhanh den gia tri U c:l2 ~ U e: 12 ^ 6 V^ 2 M do 
khdng thi tang cao hon nffa duoc vi nhu v&y T 2 se bi khoa, luc nay tu C se 
phong dien qua ngudn dong tao bdl T } , kit qua ta thu duoc suon sau cua 
diCn ap tren tu co dang giam tuyfc'n tinh . 

Vidutinhtoan: 

Chon tu C =0 } 22^F. 
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Khi tu phong U c —U co -(I c /C).t l vdi U co = 6 V. Sau khoang thci gian 
t=t x =9ms di£n ap tr£n tu ve d£n gia tri 0 . Vdy ta co: 

0 = U co -(I c /C). 9.10-' 

Tir do xac dinh diroc: 

Icr=(C.U co )/(9.10' 3 )=(0,22.10' ft .6)/(9.10 3 ) = 0,147.10'-'A 
R. s +R x =U R5+Rs /I c = 11,4/(0,147.10 : ')=78kQ. 

Chon R 5 =62 kQ la dien tro c 6 dinh, R x =47 kfl la bien tro di£u chinh 
De trong /ms tu kip nap tir 0 den 6V , dong qua tu phai co gia tri : 

^c.nap— (U c .C)A = (6.0,22.10‘ 6 )/(U0-')= 1,32.10-'A. 

N 6 u chon dong qua diot 6 n ap D /)Z bdng 10 mA thi se dam bao dong cho 
tu nap khi T 2 met. Vdy: 

R 4 = 6/(10.10' 3 )= 0,6.10 =0,6kQ. 

Chon R 4 =560Q. 

Chon dong qua R 2 , R 3 bang 2mA la du khi edn cung cap dong bazo cho T 2 . 

R 2 +R,= 12 /( 2 . 10 ' 3 )= 6 kQ 
Vdy: R 2 =2,7kQ 

R 3 =3,3kQ 
chon R,=10kQ. 

7.2 J. Mach han che tin hiiu 

Mach han che tin hi£u rat edn thi£t trong nhieu truong hop , vi du da bao 
cac ddu vao cua cac phdn tir tich cue (transistor, IC,..), de quy chudn 
cac tin hieu, da han che' cac dai luong trong qua trinh (dong dien, dian ap 
toe d6 ' * 

l Mach han che tin hieu dan gidn , dung didt on dp. 


R 

U 


/ 

U M U; 

0- — t - 9 , 


U An7 u —\ 7 

0 1 



^ •- 9 I AU„ a 

(a) 

(b) 


Hinh 7.14. Dae tilth gidi han tin hieu 
a) so do nguyen li; b) gidn dd dien ap 
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2. Mach han chetin hieu, dieu chink duac ngitong. 




Hinh 7.15. Mach han che tin hieu dieu chink dtiOc ngKang 
3. Mach han che tin hieu tick cUc : 




u 

- *—\ 


\ 


\! 

u, 

-u 

0 


(b) 


Hinh 7.16. Mach han che tin hieu tick cUc dung KDTT . 
a) s<yd6 nguye/i U; h) gidn d6 dien dp 

Khi dien ap v&o U vio c 6 gi* tri tuyet d6'i nhb hon U ng di u ra cua KDTT A1 
c6 xu huong am, dSn d&n didt D, thdng va U ra bi cd dinh 6 mure 0. N£u 
> U ng thl U ra co xu hudng duong len. N£u R 3 c6 gia tri du ldn, D 2 thGng 
va c 6 dinh d£u ra ct mtic h-U^ ^. 

Dac tinh cua tin hieu ra co thi duoc l^m mem bdt di phuc vu cho cac qua 
trinh han che' c£c dai luong ben ngoM n£u thay dien trd R 3 v6i gid tri nh6 
hem, hoac thay bang m6t mach RC nhu vi du cho tren hinh 7.17. 

Ne'u R,=R 2 =R 3 mach n£y c6 thi diing di tao dac tinh han che' kie’u dac 
ti'nh may xuc. Vi du ne'u U vdo 1* luong phan h6i, khi U vdo <U^ht tilting coi 
nhu khbng c6 phan h6i. Khi U viio > U# thi U„ =1/^ va mach phan htii bat 
d£u hoat ddng. Tac dung c6 thi la se gift cho lurnig bj di£u chinh giur b gia 
tri bang vdi lumig dat hoac vtii sai s6 tinh nao d6. 
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Hinh 7.17. Mach han chi'co ngudng tqo ddc tinh may xuc R t = R 2 = R 3 . 
a) so do nguyen U; b) dtfcmg ddc tinh 

7.3. He thdng dieu khien cac bo bi€n doi phu thuoc 

Cac bd bidn d6i phu thudc la 16p cac bd bidn d6i trong do cac van chuyen 
mach dudi lac dung cua didn ap ludi xoay chi£u. Cac bo chinh lull, cac bd 
nghich liru phu thudc, cac bd bid'n doi xung ap xoay chilu, cac bo bid'n tan 
true ti£p la cac bd bid'n d6i phu thudc. Nguyen ly xay dung he thong dieu 
khi£n cho cac bd bi£n d6i nay la gid'ng nhau. 

7.3.1. So d6 cau trdc (hinh 7.18) 

He thdng di£u khi£n cac bd chinh luu phai tao ra cac xung diiu khien cap 
cho cac thyristor trong mach luc. Cac xung didu khi£n phai dam bao dtfOc 
pham vi dieu chinh cua goc a. Thdng thuemg a thay ddi trong pham vi tuf 0° 
ddn 180°. Ndu tinh den cac kha nang v.6 han ch£ goc a thi pham vi thay ddi 
latira min ddn a^: 



Hinh 7.18. SodS can true . 


a mm = 10°-fl5° 
a ma =160^170°. 

Goc a duoc tinh tir didm chuyen mach tu nhidn. VI vay trong so d6 c2tu 
true kh&u chufc nang d£u tien la khau ddng pha vdi nhidm vu tao ra didn ap 
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tua d6ng bd v6i didn ap ludi, nghla la cho phep xac dinh.gia tri d^u cua gdc 
di^u khien a. ThOng thudng di£n ap tua co dang rang cira (hinh 7.19) hoac 
m6t ph£n cua hinh sin duoc dich pha di 90", goi la dang cdsin (hinh 7.20). 



Tidp theo trong s a d6 cau true la khau so sanh, tai do dien ap tua so sanh 
vdti dien ap dieu khien U Jk de xac dinh goc dieu khien a . 



Ta da biet trong chinh hru co dieu khien thi: 

U d(X - U do .cosa. 

V&y vdi dien ap tua dang rang cua ta co: 

U^U^.cosK 1 -Udk/U^J] 

Hay noi each khac U da phu thude khong tuyen tfnh vao U dk . 

Vcri dien ap tua dang cosin thi: 

U da =U d() .cos[arccos(U dk AJ lya . maK) ] = U dk /U t ^ max ). 

Hay noi each khac \J da phu thude tuyen tfnh vdi dien ap di£u khien, day la 
m6t uu diem cua dang dien ap tua nay. Tuy nhien, di6n ap tua dang cOsin co 
nhuoc didm la phu thude vao dien ap ludfi va dd bi nhidu theo dudng nguon, do 
do trong thuc te ngudi ta chi sir dung dien ap tua dang rang cua la chinh . 


168 


V6i thdi diem xac dinh goc dieu khien a tur khau so sanh. khau tao xung 
va khuech dai xung se tao ra xung co do rdng can thiet va khud'ch dai du 
cong suat dd dua den dieu khien cac thyristor trong mach lire . 

Xung dieu khidn duoc truyen den cue dieu khien cua thyristor thdng 
thudng thong qua bien ap xung hoac cac ph&n tu photocoupler de each ly 
giua mach didu khien va mach luc . 


7.3,2. Xay dung mach dieu khien 

Vdi cau true tren day mach didu khien co thd thuc hien theo cac huong 
sau day: 


• Xay dung m^ch dieu khien dung cac phdn tu tuong tu rdi rac hoac 
dung mach so (sir dung pP). 

• Xay dung mach dieu khien mot kenh hoac nhieu kenh. 


* Xay dung rtiach didu khien ddng bd hoac khong dong bo. 

• Xay dung mach dieu khien sd' va mach dieu khien khong dong bd doi 
hoi nhung ky thuat kha phuc tap. Vi va y dudi day se chi xet den cac phuong 
an xay dung mach dieu khidn truyen thdng, mot kenh hoac nhieu kenh bang 
cac phein tir rdi rac, tren cor so cac khau chuc nang da gidi thieu d pMn tren. 


I. Xay dung much dieu khien tuong tu dung cac phdn tuvdi vac 
Xay dung he thdng dieu khien dung cac phan tu tuong tu rdi rac la ket 
hop cac mach co ban da duoc gidi thieu d ph£n 7.2 de thuc hien cac khau 
chuc nang cua so do ca'u true. Tren hinh 7.21 la mdt vf du vd mot he thdng 
dieu khien cho mot chinh luu cdu 3 pha. 


Tren hinh 7.21a the 7 hien he thong didu khien bao gdm 3 kenh, m6i kenh 
se chiu trach nhiem didu khien 2 thyristor. Dien ap dong pha la'y tir thur ca'p 
may bien ap qua mot mach loc RC dua d£'n ddu vao cua KDTT OlA. U1A 
lam viec trong che do so sanh nen d^u ra se cho ra di6n ap dang xung chff 
nhat doi xung. Dien ap dang xung chu nhat dua den mach vi phan gom R 2 , 
C 2 tao nen dang xung nhon vdi bien dd bang 2 tin bien dd xung chu nhat’ 
Xung vi phan duoc dua den KDTT U1B. D£u vao (-) cua U1B duoc dat dudi 
dien ap am do phan ap R 6 , R ? tao ndn. Nhu vSy khi dien ap tai diem C bang 
0 V didt Dj, D 2 thdng lam d£u vao (-) cua KDTT am hon d£u vao (+) ndn 
dau ra KDTT se bao hoa d gdn duong ngudn. Khi xung nhon d diem C co 
gia tri duong didt D 2 khoa, D* thdng lam ddu vao (-) duong hon dau vao (+), 
d^u ra KDTT se tit xud'ng gdn am ngudn. Khi didm C co xung nhon am, Dj 
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Hinh 7,21. He thd'ng dieu khien cho mdt chinh Itfu cdu 3 pha . 
a) so d6 nguyen ly; 

bi khoa, D 2 thOng din d£n diu vio (+) se bi am hon diu vio (-), k£t qua diu 
ra cung bi lit xub'ng gin am ngudn. Nhu viy diu ra tai diim D co dang xung 
vci phin am rit hep. Day la tin hi£u diiu khien cho mach tao xung rang cua 
tren KDTT U1C. Mach tao rang cua tr£n U1C lam vide theo nguy6n ly duoc 
m6 ta d phin 7.2. Khau so sanh trdn U1D so sinh U dk vdi di£n ap rang cua 
xac dinh goc di6u khi^n a. 

Tin hi£u dieu khiin tit diu ra cua U1D duoc cat bo phin am nhd mach co 
di6n tro han ch6' va didt D 5 duoc dua d£n mach chia xung dung JK trigo 
U2A tao n£n xung diiu khiin co d6 r6ng 180° cho m6i ntra chu ky. Ti£p 
theo xung co do rong 180° duoc bam nho vdi xung tin s 6 cao tao nen bdi 
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mdy phat xung vudng dung mach NAND Smith D4A bang hai JK trigo 
D3A, D3B. Xung chum dupe dua den mach khu£ch dai xung dung transistor 
T), T 2 va bi£n dp xung tao n£n tin hitu di£u khi£n dua 66 n cue di£u khi&i 
cua thyristor. 



Hinh 7.21 . He thong dieu khien cho mdt chinh htu cdu 3 pha. 
(b) dang xung. 
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180°. Tm hieu U a 
chan 3 c6 do rong <p + 

180° co th^ dugc dung 
vao cac muc dich 
khac. Tuong tu nhu 
vay la tin hieu Z of 
ch&n 7 co gia tri bang 
NOR gitfa Q1 va Q2. 

Dung chan 13 co the 
nhan dugc tin hieu 
di6u khien ki£u xung 
rong (180°-(p). Tin 
hieu ca'm a chan 6 se 
xoa bo tin hieu ra Ql, 

Q2 va Ql, Q2. 

Cac phan tu them 
vao a mach ngoai dugc 
tmh toan nhu sau: 

Tu rang cua C 10 : 
min 500 pF, max J/.iF. 

Dong vao cua tin ° iso 0 

hieu dong bo chan Hinh ? m nb D6 lhi dang xung cC|a TCA785 

5:/ w < 200/uA. 

Thdi diem phat xung: t n = ; Dong nap tu: /, 0 = ^ Hkh K , 

V Rt:i K * R 9 

V . Kt 

Dien ap rang cua (vai K=l,l±20%): F 10 = , V l0 =V S - 2. 

^ 9^10 

Hinh 7.22.C cho vf du ve m6t ting dung cua TCA785 de dieu khien m6t 
so do bo bien doi xung ap xoay chi6u mdt pha cong su£t 16n. Tin hi£u ra 
di€u khi£n Ql, Q2 dugc 13y ra tir cac ch^n 14, 15 dua d£n mach khuech dai 
c6ng sua't xung dung hai transistor BD875, truy^n d£n cue dieu khien cua 
cac thyristor qua cac bi£n ap xung each ly ITl, IT2. Di£n ap di£u khitSn goc 
ma cua van dugc lay tit phan ap gitfa ngu6n -1-15V va -15V qua chi£t ap 
10kQ, qua dien trd 2,2 k£l dua vao chan s6 11. Cac tu 2,2pF va 0,1 pF n6'i 
giua chan 11 vciri di6n ap nguon + 15V, -15V co tac dung suy giam nhi£u vao 
dien ap dieu khien. Dong nap cho tu xac,dinh boi di£n tra mdc cf chan 9, 22 
kQ va co the dieu chinh dugc nhd chiet ap noi tiep 100 kQ. Chan 12 n6i tori - 
15V qua tu 1 nF xac dinh do rong cua xung dieu khien. 
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Hinh 7.22c. Dung TCA785 dieu khien cdp thyristor song song nguac 
trong bt 5 xung dp xoay chieu cong snat Icm. 

3. Xdy dung mach die'u khien mot kenh 

Trong he thong dieu khien nhi£u kenh m6i thyristor trong mach lire se 
duoc di£u khien boi mot kenh ri6ng bi6t. M6i kenh dieu khien se bao g6m 
cac khau d6ng pha, so sanh, tao xung va khu&ch dai xung nhu b so d6 ca'u 
true tr£n hinh 7.18, U*u di£m cua he thong nay la dam bao duoc tmh tac 
d6ng nhanh. Nhuoe diem la rat kho dam bao duoc tmh doi xufng c6a goc 
di£u khien a doi vdi tat ca cac kenh. 

He thdng dieu khi£n mot kenh se khac phuc duoc hoan toan nhuoe diim 
ve tmh d6'i xung cua goc dieu khi&i a. Diiu nay la rat quan trong, nh£t la 
d6'i vdi cac so d6 chinh luu nhieu pha, 6 pha, 12 pha hoac 24 pha . Tuy nhien 
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\6 tlnh tic ddng nhanh thi ha thong m6t k6nh se kem hon . Va mat nguyan 
h6 thdng m6t kanh duac xiy dung nhu set dd c£u true tr£n hlnh 7.23. 



Hinh 7.23 . So do cdu true he thdng dieu khien mdl kenh . 

Theo nguydn ly nay tin hiau dong b6 va khau so sanh se chi thuc hian cho 
m6t pha dien ap ludi. Sau do tin hieu xac dinh goc dieu khi^n a tit diu ra 
khau so sanh se duac dua den b 6 chia tin , trong do n la s6 pha cua bo chinh 
luu. Tin hieu tir diu ra bd chia tin se duac dua bd da'm vong thuc hien chute 
narig nhu mdt bd phan phtfixung de tao ra n xung diiu khien cho n thyristor. 

Khau chia tin co the thuc hien bang vi mach CD 4046 vdi so d6 ciu true 
nhu d hinh 7.24. 
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Hinh 7.24. Su dung CD 4046 trong mach chia tan sd. 

Khau so sanh tin s6 co nhiam vu so sanh 2 tin hiau vdfi tin so chu dao vi 
phan hdi. Sai lech vi tin so giura hai tin hiau nay thi hien dudi dang cac 
xung vdi dd rdng ty le vdi sai lech vi pha giffa hai tin hidu. Day xung b diu 
ra cua khau nay duac lam phing bdi mach tich phan R-C, diu ra cua mach 
nay la tin hiau dian ap ty la'vdi sai lach tin s 6 giua tin hieu chu dao va tin 
hiau phan hdi. 
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VCO: Bo bie'n doi dien ap - tin s6. Tin hieu ty le vdi sai lech tin s 6 dua 
vao d£u vao cua VCO . Tin hi6u b d£u ra cua VCO se dupe hieu chinh lien 
tuc theo sai lech tan so b d£u vao. T&n so cua VCO se dupe hieu chinh theo 
y mudn urng vdi mot gia tri nh£t dinh cua dien ap vao. Vdi muc dich chia tin 
co th£ hieu chinh de dien ap a din ra cua VCO co tin s 6 bang f.n khi dien ap 
dau vao la 0, urng vdi tdn s 6 chu dao bang tin s6 phan hoi. 

Bo dem vdng co nhiem vu nhu bd phan phdi xung. D6 tao ra cac xung 
dich pha nhau 60° thi mach dem vong vdi ty so/:5 rat thudng dupe sir dung. 
So do mach dem vong f:3 vdi 3 trigo D co cac tin hieu ra nhu dupe bi£u 
dien tren hinh 7.25. 
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Hinh 7.25. Tin hieu dau ra cua mot bo dem vdng . 

Vi du : 6 he thd'ng dieu khien chinh luu cau 3 pha tin hieu t \S sau khau so 
sanh co tan so 100Hz, bd chia tin phai tao ra tin s 6 300 Hz, sau do qua bo 
dem vong ta se co cac xung di£u khie’n vdi tin s6 50 Hz. Bieu do xung dieu 
khi£n co dang nhu b hinh 7.26. 

Hinh 7.26 la bieu d6 dang xung b bd di£u khi£n mdt kenh cho chinh luu 
ciu 3 pha. U, : Dien ap ddng pha la'y tir ludi di6n ; U df : Dien ap rang cua b 
d£u ra cua khau d6ng pha; U M : d^u ra cua bd chia tin; Q A , Q B , Q c , 

Qa ■> Qh > Qc : Cac ra c ua bd de'm vong . 

So d6 nguydn ly cua he thd'ng dieu khi£n cho tr6n hinh 7.27. He thd'ng 
lam vide vdi mdt kenh ddng bd vdi dien ap day U AB . Cac diot D r D 4 va cac 
transistor tu T, de'n T 4 tao ra tin hieu dien ap tua rang cua vdi tan so 100Hz. 
Dien ap tua so sanh vdi vdi dien ap didu khien U dk tai KDTT A,. Dau ra ciia 
A, se la tin hieu xung xac dinh goc didu khien a, U ss . U ss co t^n sd 100 Hz 
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nhu tr£n do thi tren hinh 7.26. Th6ng qua bo chia t&n dung vi mach CD4046 
va bo dem vong ckc tin hiSu di£u khi£n lech nhau m6t goc 60° Q A , Q B , Q c , 

Q^Qb’Qc dtroc dung lam tm hi6u di£u khit?n cac thyristor tir T, d£n 
T 6 trong mdt so d6 chinh luu c£u 3 pha . 

Trong so d6 nay tin hi6u Q A 0 Q B (0 Ky hi6u phep tinh EXCLUSIVE OR, 
co gia tri bangl khi hai tin hidu vao gidng nhau va bang 0 khi hai tin hi£u do 
khac nhau ) tao ra tin hieu d6ng b6 v6 pha v6i U ss . Bd so sanh pha trong vi 
mach CD4046 so sanh U ss vod Q A 0 Q B va se tao-ra do dich chuy&i \6 pha 
c3n thi£t cho 6 tin hieu ra m6i khi U ss bi thay d6i theo gia tri dien ap di£u 
khi£n U dk . 


Hinh 7.26. Bieu do 
dang x ung a bo dieu 
khien mdt kenh cho 
chinh luu cau 3 pha 




gtdtcs 






Hinh 7.27. So dS he thdng dieu khi/n chinh Itfu cau 3 pha. 
So dd mdt k£nh chiia cd phdn tao xung vd khui'ch dai xung. 


1 A, Hd thdng di£u khien c£c bd bidn doi xung ap mdt chidu 

Cdc bd bidn ddi xung ap mdt chidu lam vide trdn ca scr thay d6i dd rdng 
cua xung di£u fchidn van chinh trong nhung chu ky lap lai khdng ddi. Ngtfdi 
ta da san xu£t nhidu loai IC chuydn dung phuc vu muc dich nay. Vi du v6 
cac IC loai nky la SGI525 hodc TL 494. 

Tr6n hinh 7.28 la so d6 chan va c£u tnic btn trong cua IC TL 494. TL494 
bao g6m mdt may ph£t tin sd' cd dinh vdi tin s 6 duoc x£c dinh bcri mdt cSp 
/?„ C, bdn ngoai, mdt bd so sanh di tao ra cac xung didu khi£n cd dd rdng 
thay d6i, hai bd khu&h dai sai ldch, mdt bd tao thdi gian “ch£t” di6u chinh 
dirdc, hai d£u ra her collector ddng da'n 200 mA. 
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Tin s6 hoat ddng cua so 66 c6 the diroc dinh ra bang mach R r C f ben 
ngoai vcfi dai thay d6i tir vai tram Hz d£n 50 kHz, thuan ti6n cho nhi6u muc 
dich dng dung khac nhau. 

Ddu ra cua tin hieu dieu khien la hai mach ho colector VTj, VT 2 vcfi 
dong chiu diroc den 100 mA, 6t dang phoi hop vcfi mach luc ben ngoai a ca 
so do c&u. Vi du ve phoi hop vcfi mach lire cho tr6n hlnh 7.30. 



a) 


V, « * 0 1« * at V 



Hinh 730 . So do phoi hap vai mach life; 
a) so do mach life gdm mot van chinh; b) so do mach life nua cau. 

♦ 
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7.5. Mach khuich dai xung 

Mach khuich dai xung (KDX) la kMu cuoi cung, quan trong trong he 
thdng dieu khien. Khau KDX co nhiim vu khuich dai tin hieu diiu khiin 
dua den de dieu khien cac van ban din cong suat dam bao cac tham so co 
ban nhu biin dp, d6 rong va cong suit. Mot trong nhung nhiim vu ccf ban 
cua KDX la each ly giQa he thing dieu khien va mach dpng lire. 

Van di each ly giua mach lire va mach dieu khiin thong thubng dupe 
thirc hien boi biin ap xung (BAX) hoac cac phan tir photocoupler (FT). Vf 
du vi sir dung BAX va FT di truyen tin hieu diiu khien den cue diiu khiin 
cua mpt thyristor dupe cho trin hinh 7.31 Khi dung FT vin dp la phai tao 
dupe mach nguin cho phia cue dieu khien. Dieu nay dupe th £ hien trin hinh 
7.31b), mach nguin dupe tao boi nguon xoay chieu LL , ciu chinh luu D va 
tu loc C. 



Hinh 7.31. Cach ly giQa mach luc va mach dieu khiin. 
a) dung hien dp xung; b) dung photocoupler 

1. Bien dp xung (BAX) 

BAX (7.32a) la loai bien ap dac biit, trong do diin ap dat lin phia so cip 
co dang xung chd nhit ma khPng phai la mpt diin ap hinh sin Diiu nay din 
din che dp lam viec va phuong phap tinh toan BAX rift khac so v6i cac biin 
ap thong thuong. Hinh 7.32b la so dp tuong duong phuc vu cho tinh toan. 

BAX co thi dupe sir dung de truyen cac tin hieu diiu khien co dang chu 
nhit hoac trong cac bp bien dPi diin ap DC-DC. Tin so diin ap lam viec cua 
BAX co thi the vai tram Hz din hang tram kHz. 
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Hinh 7.32 . SodS bii'n ddi tucmgduong mot BAX 
a) so dd nguyin U co BAX; b) so dd ticong duong 


Diim dac biftt quan trpng cua BAX la thucmg co s6 vbng day rM it (® - 
100) do dd difin trd thuin cua day cud'n rat nho. Didn cam tan cua cac cuon 
day cung co thfe bo qua. So d6 tuong duong cua mdt BAX dupe cho tren 

hinh 7.32b. 


Trong do : 

r: dien trd trong cua ngu6n dien ap. 

£: nguon dien ap xung chur nhat, 
n- coJ(Q{. ty s 6 bidn ap, 

R'-Rin 7 : dien trd tai tuong duong . 
i 2 ’ = n.i 2 : dong tai tuong duong, 
u'^uln: dien ap tuong duong tr6n tai, 
=(H a .G? r S)H : dien cam tit hoa BAX, 
p = ju.fit 0 : dd tir th2m tuyet ddi 
p o - 4n.l0 7 Him 
S: tidt dien mach tir 
/: chidu dai trung binh 
mach tit (hinh 7.33) 

Theo so d6 tuong duong d 
hinh 7.32b khi dien ap E co dang 
mdt xung churnhat voi bien dd E 
va dd rdng t x co thd coi g£n dung 
dong tir hoa i M thay ddi tuye'n 
tinh , do do dd tir tham trong loi 
BAX se thay ddi mdt luong : 

AB = (E.O/CcOj.S) 



Hinh 7.33 . Cdu too mach tit cua BAX 
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Ndu Lp du 16n ddng i u c6 
th £ coi la kh6ng ddng ki va 
toan b6 dong tidu thu tur 
ngudn if se gdn bang dong 
tdi i 2 \ Didu nay nghia la 
di6n ap trdn tai u' se lap lai, 
gidng nhu dang di£n ap 
ngudn E , co dang chfl nhat. 

Trong thuc t€ do inh 
hucmg c&a dong i u va noi 
trcr ctia ngudn r dien ap 
trdn tai se bi suy giam b 
cudi thdi gian t x mdt lircmg 
goi la dd sut dinh 
xung, nhu dude biiu didn 
trdn hinh 7.34, 

Mdt each gdn dung cd th i 

6U = AU/U = — 



Hinh 7.34 . Dang diin ap, 
ddng diin qua biih ap 


tmh dd sut dinh xung tuong ddi bang : 


Vdi x H = LiJRtfy 


R td = r//R' 


V$t lidu dung chd tao 
BAX thubfng la ferit hodc 
thep can ngudi ( pec - ma 
-ldi). Ddi vdi ferit co thd 
sir dung cac thong sd sau 
dd thidt ke BAX : 
£3^=700+2000 Gausa 
(1 Tesla = 10 4 Gausa ); 
Pa=I 500 H/m. 

AB max duac sir dung 
trong c6ng \h\Jc tmh 
AB 

BAX. li* = tga =-se 

AH 

thay thd cho dd tir th^m 
tuydt ddi ^t a . TO do ta co 



Hinh 7.35. Du&ng cong tit hod cua mach tic BAX 
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thd chon dupe tid't didn mach tir S vh xac dinh s 6 vong day to, voi luu y han 
che to, < 100. Y nghla ciia AB max va p A dupe thd hidn tren dudng cong tir hoa 
cua loi BAX tren hinh 7.35. 

Hinh 7.35 th£ hidn dac tinh lam vide cua mach tir BAX trong ch€ do xac 
lap. Theo do khi co cac xung didn ap vdi didn tfch E.t x lap lai di£m lam vide 
tren dtfotig dac tfnh tir hoa se di chuydn giOa diem O’ va diem N trdn dudng 
dac tinh tir trd tuong ting khi do tir tham thay doi mot lupng AB. 

Tir do co the tha'y ring neu nguon dien ap diu vao la cac xung vuOng 
xoay chidu +(-)E thi ta co th6 cho phep chon AB max 16n hon. 

Trong thuc te cac BAX cong suat nho diing trong cac mach dieu khien 
dupe chd tao sin VI du nhu loai BAX IT cua Schaffner dupe dung rtft pho 
bidn . Cac thong s6 cua IT Schaffner dupe cho trong phu luc 1. Thdng so 
quan trong de chon IT la dong didn va dien tich cua xung didu khi£n E.t x 
dupe bieu dien qua V.ps. 

2. Mot so set do ting dung tieu bieu cua mach khuech dai xung dung BAX 

So do tieu bieu mdt mach KDX dung de dieu khien mpt thyristor dupe 
cho tren hinh 7.36. 



Hinh 736 . So dd mdt mach KDXdiiu khien thyristor 


So do gdm mot khoi transistor T dupe didu khidn bdi mpt xung co do 
rong t x . Khi T md bao hoa gin nhu toan bo dien ap ngudn U n dupe dat len 
cudn so cip cua BAX . Didn ap cam ting bdn phia thur cap co cue tinh tuong 
ting m6 di6t D 3 , dua dong didu khidn vao gitia cue didu khidn va cat6t cua 
thyristor V. Di6t D 4 c6 tic dung lim giam didn ap ngupc dat len giua cat6t 
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va cue di6u khie’n cua thyristor V khi dien ip catdt duong hem dien dp andt. 
Didu nay dam bao an toan cho tiep giap G-K cua thyristor khi V 0 ch£ dO khoa. 

Khi transistor T khoa lai dong coilecter - emitor cua no se v& bdng 0. Tuy 
nhien dong qua cudn ddy sa cip BAX khdng th£ bi dip tit ddt ngdt duac. 
Sufc dien dong tu cam trdn cudn ddy khi do se dao chi£u theo hirong mudn 
duy tri dong i, , nghTa la cue tmh sire dien ddng co ddu {-) 0 phia trdn va (+) 
b phia dudi. Stic dien ddng nay co the co gia tri rdt 16n vi no ty 16 vdi tdc dd 
giam cua dong dien dij/dt. Tuy nhien khi do diot Dj va diot dn ap D 2 se md 
ra tao dudng khep kin cho dong dien q . Dong dien i t se bi suy giam din v6 
kh6ng do t6n hao c6ng suit trdn dien trd thudn cua cudn ddy va chu y£u do 
ti£u tdn trdn sut ap trdn diot D,va D 2 . Nhd do di6n ap trdn collector cua 
transistor T diroc giu b mtic U n +(AU DI +U m ). Hinh 7.37 md ta dang dong 
dien , dien ap cua cac phin tCr trdn so d6 ki trdn . 


Hinh 737 . Dang dien dp , 
ddng dien cua cac phdn tu 
tren sa do hinh 7.36. 



Di6n trd R mic ntfi tie'p giua ngudn va BAX cd tic dung han chi dong tir 
hoa BAX. Dien trd R dtfdc tinh de dam bao ddng qua transistor T khdng bao 
gid vuqt qua ddng collector ldn nhit cho phep . 
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Vi du t : Tinh chon cac ph<Sn tit cho mach di£u khidn m6t thyristor vdi 
Iq = 0,2 A; U GK = 5V; t x = lOOps. 

Di£n rich xung didu khifcn V 0 .t(V.ps) - 5.100 = 500. V6i d6ng di£u khi£n 
y£u cdu Ig= 0,2 A theo bang 7.1 ta co th& chon BAX loai IT235 (phu iuc 1) 
vcd 2 cudn day c6 ty s6 m£y bi£n ap 1:1, dten cam L p =3mH. 

Dong so c£p BAX : I t = Iq+I^ 

Vi di6n dp dat \tn cudn day BAX c6 gia tri khOng d6i ndn ddng tir hoi 
thay ddi tuy£n tmh theo thbi gian. 

Nhirvay: I^. max =(U,.g/L p 

Ta phai c6 U t = U GK +AU D = 5V+1V = 6V 

Vay : I,, max =(6.100.10* )/(3.10 3 )=200.10 3 (A)=0,2(A) 

I 1>ma =0,2+0,2=0,4(A) 

N£u U n = 30 V ta ph&i chon didn trd han ch£ R = ( 30-U|)/Ij max = (30- 
6)/0,4 = 60Q. Theo so 66 tr6n hinh 7.36 transistor T1 phai chon loai co dong 
I c max > 0,4 A va ht s6 khu£ch dai d6ng P = 100. Khi do dong di£u khi£n 
bazo se co 4mA la phu hop voi din ra cua da s6 cac IC. 

Co th^ chon di6t 6n ap D z vci U on =12 V, khi do U CE max =30+12+l=43V. 

Vi du 2: So d6 mach KDX 6i6u khiln GTO (hinh 7.38) 
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Di didu khidn GTO xung ddng mcf di vao cue didu khidn c6 dang gi6ng 
nhu xung mb thyristor thucmg nhimg khi khoa GTO cdn c6 xung dong di ra 
khoi cue didu khidn vdi gia tri bidn d6 r£t ldm, khoang 20% dong dinh mure 
chay qua mach lure. Di6u do duoc thuc hidn bdi so d6 nhu trdn hinh 7.38. 
Dang dong didn didn ap cua cac ph&i t£r trdn set d6 cho trdn hinh 7.39. Diim 
dac bidt cua so do la transistor T { phia so c&'p BAX lam vide trong chd' d6 
ngudn dong. Trong 
khoang tur dd'n t 2 tin 
hidu didu khi£n tuemg 
ung vdi khoang dieu 
khi£n md GTO. Do di6t 
D f , D 2 mkc n6i tid'p trdn 
d£u vao cua T, nen didn 
ap bazo so vdi di£m 0V 



duoc giu khong d6i, 
khoang 2V. Do do didn 
ap roi tren /?, cung khong 
doi. U u a2V- U beti =2V- 
0,6V=1,4V. Khi T, md ra 
tai thdi diim t l dong didn 
collector cua T } luc d£u 
bang U R! {R2=l t 4/1,2=1,2A, 
sau do khi tu C, nap day 
dong qua T } duoc gitf 
kh6ng ddi, gan bang 
dong qua RI, 
Ic.Tt =/»=1 ,4/4,7=0,3A, 
trong sudt qua trinh tit t } 
den t 2 . 

Dong didn bdn phia 
thuf c^'p trong khoang /, - 
t 2 dong didn c6 hudng di 
vao cue diiu khi&i, do la 
dong Iq . Dong /£ cung 

khdng d6i va chay tit 
cudn day thir ca'p BAX, 



Hinh 7.39 . Dang ddng diin, diin dp 
cua ede phdn tu trin so dS hinh 738 
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nap difen cho tu C, tori gia tri difen ap cua didt 6n ap D z mac song song vdi Q, 
vao cue dieu khi£n cua GTO, catdt, qua didt D„ vfe d<£u kia cua cuon thti c&p. 
Do D 5 th6ng transistor T 2 bi khoa. 

Khi co tin hifeu khoa, tuong ting mure difen ap 0 6 dau vao bazo cua Ti, T1 
khoa lai. Dong so c£p BAX i, xac dinh btii gia tri i RI =0,3 A se chay vong qua 
diot D 3 va dien trd R 3 , d6ng thdi sire difen d'dng cam ting trfen cac cudn day 
BAX doi chieu cue tfnh. Gia tri dien ap trfen it, luc d<lu bang 
i,.R3-0 f 3.2,2.10 s =660V , sau do giam d£n theo ham mu. Difen ap 
u 2 =u,/2=330 V co cue tfnh nhu duoc danh dau tren so do. Cue tfnh difen ap 
u 2 tao dong mo cho T 2 vdi I H2 =330i560=0 t 6 A . Tu Q se phong dien qua T 2 , 
catdt va cue di£u khien cua GTO tao ra dong khoa 7‘ cho GTO. Dong /* 
co gia tri rat 1dm vi la dong phong cua tu qua mot mach g&n nhu ngan mach. 

Trfen so do didt D 2 ngan can tu C 2 nap difen theo chieu nguoc lai. Dien 
cam nho 2,2 pH mac noi tiep vdi cue dieu khien cua GTO lam eMm toe do 
tang dong I ~, dam bao an toan cho transistor T 2 . 

C£u hoi on t&p 

1. Cac yfeu cau co ban doi vdi hfe thong dieu khien cac bo bien doi. 

2. Cac dac tinh co ban cua cac mach tao xung rang cua. 

3. Qu true co ban cua he thong difeu khien cac bd bifen doi phu thude? 

4. Uu nhuoc difem cua he thdng dieu khi^n mdt kenh so vdi he thdng dieu 
khien nhidu kenh? 

5. Cau true co ban cua mach dieu khi£n bo bien d6i xung ap mdt chi£u. 

6. Vai tro cua bifen ip xung trong mach khuech dai xung? Co the chon 
mdt bien ap xung theo nhfing tifeu chuin ky thuit nao? 
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Dong dieu khien 100mA - 200mA. Thdi gian t$o stfdn t, vdi R L = 400 



Dong dieu khii’n 250mA - 1mA. Thdi glan tao sudn t, vdl R,. ■■ 10O 
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Cic ktf hieu trong'bang die tmh k? thuit 

V ot - biin tfch die trifng cho <36 ring xung, b&ng bien 66 xung nhan v6i thdi gian <36 
ring xung. 

t,. - Thdi gian tao si/dn tri/6c xung do dUdc vdi dien trd tai R L tdi 70% gia tri biin do xung. 
Rl - Dien trd tai phfa thtf cip. 

Rp - Dien trd diy cuin sd cap. 

R s - Dien trd diy cutfn thCf ci'p. 

L P - Dien cam cuin sd ci'p tai 1 kHz 
- Diin cam tin phta sd cap tai 10 kHz. 

C K - Tu diin giOa cu6n sd cap va cu6n thCf cip. 

U^, - Gii trj dien ap I6n nhit cho phip (cich diin giufa cu$n sd vi cu£n thLf c£p). 

U p - Diin ip thur cho phip I6n nhat. 
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Phu luc 2. Thong so ki thuat cua thyristor; 
MOSFET; IGBT; TRANSISTOR loai Bispolar 


Chung logi 


Nhi *in 
xuat 


Dong hi?u 
dung 
A 


Vgt Vdrm 

V V 


Dong 

trung dV/dt 
binh (V/ua) 
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Chung lofi 

Nhi a in 
xtilt 

Lofi vo 

It (rma) 

A 

Mfl 

mA 

D 

Vdrm 

V 

Tc 

C 

H 

dV/dt 

(V/us) 

N060RH06 

WEST 

Stud 1/4 20 

100 

100 

3 

600 

85 

63 

200 

NO44RH05 

WEST 

Stud 1/4 20 

100 

100 

3 

500 

85 

45 


NO60RH12 

THYRtS 

WEST 

.TORTl/12 

Stud 1/4 20 

5 p6N 3000 A 

100 

100 

3 

1200 

85 

63 


82RIA80 

IR 

Stud 1/2-20 

125 

120 

2.5 

800 

85 

80 


82RIA120 

IR 

Stud 1/2-20 

125 

120 ' 

2.5 

1200 

85 

80 

500 

80RIA80 

IR 

T094 

125 

120 

2.5 

800 

85 

80 

I 

80RIA120 

IR 

T094 

125 

120 

2.5 

1200 

85 

80 


ST083S08PFM1 

IR 

TOS4 

135 

200 

3 

800 

85 

85 

500 

112RKI80 

IR 

Stud 1/2-20 

172 

80 

1.6 

800 

90 

110 


112RKJ120 

IR 

Stud 1/2-20 

172 

60 

1.6 

1200 

90 

110 

5600 

NO86RH06 , 

WEST 

Stud1/2”2 

175 

150 

3 

600 

85 

85 


N086RH12 

WEST 

Stud 1/2 20 

175 

150 

3 

1200 

85 

85 

200 

180RKM00 

IR 

T092 

285 

150 

2.5 

1000 

80 

180 


180RKI80 

IR 

T093 

285 

150 

2.5 

800 

80 

180 

500 

SKT340/16E 

SEMI 

T0200 

700 

200 

2 

1600 

82 

340 

100 

ST1000C22K1 

IR 

A24<KPUK> 

2913 

200 

3 

2200 

55 

1473 

500 


M05FET cAng suit 


Chung lofll 

Nhiain 

%u(t 

5 

6 

| 

3 

K*nh din 

5 

■ 

E 

3 



Vda 

max/V 

gf* mln/» 

IRF740 

- 

TO220 (G) 

N 

10 

0.55 

125 

400 

4 

5TY15NA100 

STM 

T0247 (A) 

N 

10 

0.77 

300 

1000 

12 

IRF740 

JR 

TO220 (G) 

N 

10 

0.55 

125 

400 

5.8 

PHP10N40E 

PS 

TO220 (G) 

N 

10.6 

0.55 

147 

400 

3.5 

SPP11N60S5 

INF 

TO220 (A) 

N 

11 

0.38 

125 

600 

8 

IRFPC50LC 

IR 

T0247<G) 

N 

11 

0.6 

190 

600 

7 

IRFP340 

IR 

10251 <G) 

N 

11 

0.55 

150 

400 

7.7 

SPW11N60S5 

INF 

T0247 (A) 

N 

11 

0.38 

125 

600 

6 

IRFB11N50A 

IR 

TO220 (G) 

N 

11 

0.52 

170 

500 

6.1 

BUZ61 

INF 

T0220 (G) 

N 

12.5 

0.4 

150 

400 

5 

MTH13N50 

- 

T0218 (G) 

- 

- 

- 

- 

- 


IRF450 


T03 (B) 

N 

13 

0.4 

150 

500 

6 

IXTH13N80 

IXYS 

T0247 (G) 

N 

13 

0.8 

300 

800 

8 

2SK1489 

TOSH 

T03 (G) 

N 

12 

Jan-00 

200..00 

1000 

4 

BUZ338 

INF 

TO210 (G) 

N 

13.5 

0.4 

180 

500 

8 

IRFP450 

- 

T0247 (G) 

N 

14 

0.4 

180 

500 

6 


13* GT0TCS 
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Chuns 


MTW14N50E 

2SK2698 

STW15NB50 


MTW16N40E 


IRFP450LC 

IRFP350LC 


SPP20N60S5 

STW20NB50 

IRFP462 

STW20N850 

IRFP460LC 

IRFP22N50A 

IRFP369LC 

IXTH24N50 

STY30NA50 

STY34NB50 

STW34NB50 

IRF3710 


Chung lofi 


Nh i sin 
»uat 


Lofi vo (chin) Kenh dan Id max/A 


T0247 (G) 
T0247 (G) 
T0247 (G) 
T0247 (A) 
T0247 (G> 
T0247 (G) 
T0247 (G) 
T0247 <G) 
T0247 (G) 
T0247 (G) 
TO220 (A) 
T0247 (A) 
T0247 (G) 
T0247 (A) 
T0247 {G} 
T0247 (G) 
T0247 (G) 
T0247 (G) 
Max247 (A) 
T0247 (A) 
T0247 (A) 
TO220 (G) 
TO220 (G) 


Nhi sin suit Lofi vo (chin) lie max/A Vces 



IGBTrCT2bf>£N 40 A” 


SKW20N60 

IRG4PH30K 

MGP20N40CL 

SGP20N60 

HGTP20N60B3 

IRG4PC30U 

BUK856-800A 

HGTG12N60C3D 

GT25J101 

HGTGt2N60B3D 

KGTP12N00B3D 

IRG4PC30K 

IRG4BC30K 

IRG4PH40U 


T0247 (A) 
T0247 (A) 
TO220 (A) 
TO220 (A) 
T0247 (A) 
T0247 (B) 
TO220 (A) 
10247 (B) 
T03 (B) 
T0247 (B) 
10220 (A) 
T0247 (B) 
TO220 (B) 
T0247 (B> 
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Chung loai Nha sin suat Lo?i vo (chan) Ic max/A Vces 

IRG4PH40K IR T0247 (B) 30 1200 

SKW30N60 INF T0247 (A) 30 600 

SGP30N60 INF T0220 (A) 30 600 

IRG4BC30FD IR TO220 (A) 31 600 

MGP20N60U ON TO220 (A) 31 * 600 

BUP307 INF 70218(A) 35 1200 

IRG4PC40W IR T0247 (A) 40 600 

SGL40N150DTU FAIR T0264 (B) 40 1500 

IRG4PC40UD IR T0247 (B) 40 600 

IRG4PC40U IR T0247 (B) 40 600 


Pd 

(maxyw 

160 


Vco(*at) Icss/mA 

3 


Internal 

Diode 


K’.BT rfMu o£n 200 A 


BUP314D 

INF 

IRG4PH50K 

IR 

IRG4PC40FD 

IR 

IRG4BC40F 

IR 

GT50J101 

TOSH 

IRG4PF50WD 

IR 

IRG4PF50W 

IR 

IRG4PC50K 

IR 

BUP314 

INF 

HGTG27N60C3R 

ISIL 

IRG4PC50U 

IR 

IRG4PC50KD 

IR 

IRG4PH50S 

IR 

IRG4PH50S 

IR 

SGL60N90DTU 

FAIR 

HGTG30N60C3D 

ISIL 

1RG4PC50FD 

IR 

HGTG40N60B3 

ISIL 

IXSH40N60 

IX YS 

GA200SA60U 

IR 

GA200SA60S 

IR 


T0218 (A) 
T0247 (B) 
T0247 (A) 
TO220 (A) 
T03 (B) 
T0247 () 
T0247 (A) 
T0247 <B) 
TO210 (A) 
T0247 (B) 
T0247 (B) 
T0247 (B) 
T0247 (A) 
T0247 (A) 
T0264 <B) 
T0247 (B) 
T0247 (A) 
T0247 (B) 
T03 (B) 
SOT2270 
SOT227 <) 


42 

1200 

300 

3.4 

45 

1200 

200 

3 

49 

600 

160 

1.5 

49 

600 

160 

1.85 

50 

600 

200 

4 

51 

900 

200 

2.74 

51 

900 

200 

2.74 

52 

6Q0* i 

200 

2 

52 

1200 ; 

300 

3.4 

54 

600 

208 

2.2 

55 

600 

200 

2.2 

55 

600 

200 

2.2 

55 

600 

200 

2.25 

57. 

1200 

200 

1.75 

60 

900 ' 

200 

4 

63 

6d0 

208 

1.8 

70 

600 

200 

1.45 

70 ' 

600 

290 

2 

75 

600 

300 

2.5 

200 

600 

500 

1.9 

200 

600 

630 

1.3 



HB-GTBTCS 
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. Chung k»l Nhi tin 
•uft 


TRANSISTOR LOAI BIPOLAR 
2SC39S3 TOSH IS0216 (I) . 

BUT11AF PS SOT186 {A) 


BUJ303AX PS 

BU4506AF PS 

BUT18AF PS 

BU2508AF PS 

EJU2508DF PS 

BU508DF PS 

BU4508AX PS 

BU508AF PS 

BU2708AF PS 

9U4508AF PS 

BUH515 STI 

BU508AFI STI 

BUH5150 STI 

S2000AF TO 


SOT 186 (1) 

SOT 199 (A) 
SOT186 (A) 
SOT 199 (A) 
SOT199 {A) 
SOT 199 (A) 
SOT399 (A) 
SOT199 (A) 
SOT199 (A) 
SOT199 (A) 
IS0218 (A) 
IS0218 (A) 
150218 {A) 
IS0218 (A) 


BU2520AF 

PS 

SOT199 (A) 

BU2722AF 

PS 

SOT 199 (A) 

BUH715 

• STM 

IS0218(A) 

BU2727AF 

PS 

SOT 199 (A) 

BU2527AF 

PS 

SOT 199 (A) 

BU2525AF 

PS 

SOT199 (A) 

2SC3527 

TOSH 

IS0247 (A) 

ESM40450V 

STM 

ISOTOP (F) 

BUT30V 

STM 

ISOTOP (C) 
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(Russ) 

5. Memotech electronique comfosants.G.Chevalier, J.C, Chauveau, 
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MUC LUC 


Ldi gi6i thifcu 
Ldi noi ddu 

Chuong I 

CAC PHAN TU* BAN DAN CONG SUAT (8 Tl£ T) 


1.1. Di6t 

1.2. Thyristor 

1.3. Triac 

1.4. GTO (Gate tum-off thyristor) 

1.5. Transistor cOng sua't (Bipolar Transistor) 

1.6. Transistor trucmg, MOSFET 

(Metal-oxide-Semiconductor Field-effect Transistor) 

1.7. Transistor co cue difcu khi£n each ly. IGBT 
(insulated gate bipolar transistor) 

1.6. So sanh tuong ddi giua cac pMn tir bah d5n c8ng shat 
1.9. V£n de tdn hao edng sua't va l&m mat cic van cGhg su£t 
Cau hoi 6n tap 

Chircmg 2 

CHINH LUU (8 TlfsT) 


2.1. Cac v£n de chung 

2.2. So d6 chinh luu m6t pha, mra chu ky 

2.3. Chinh luu mot pha, hinh tia 

2.4. Chinh luu c£u m6t pha 



2.5. Chinh luu hinh tia ba pha 

2.6. Chinh luu ciu 3 pha 

2.7. Chinh luu 6 pha c 6 cuOn khang can b^ng 
Cau hoi On tap 

Chuong 3 

CHUY^N MACH VA NGHICH LUTl PHU THUOC (6Tl£T) 


3.1. Hien tuong chuyen mach 

3.2. Nghich luu phu thuOc 

3.3. Cac b6 biftn d6i c<5 dao chi£u 
Cau hoi on tap 

Chirong 4 

CAC bO bi£n doi xung Ap (6 ti£t) 


90 

100 

107 

110 


. 4.1. Cac bO bie'n dOi xung ip (XAAC) 

4.2. Cac bO bi£n d6i xung ap mdt chi£u (XADC) 

Cau hoi On tap 

Chuong 5 

NGHICH LUU D0C LAP (6 TlfiT) 


5.1. Cac vain d£ chung 

5.2. Nghich luu dOc lap ngu6n dOng 

5.3. Nghich luu dOc lap ngu6n ap 

5.4. Nghich luu cOng hucmg (NLCH) 

Cau hoi On tap 

Chuong 6 

CAC B0 BltfN TAN (2 TlfsT) 

6.1. Cac khai ntem co ban 

6.2. Bie'n tan giin ti£p 

6.3. Bie'n tin true tie'p 
Cau hoi On tap 


125 

126 
131 
139 
146 


147 

147 

151 

155 
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Chuomg 7 

Hfi th6ng di6u khi£n cAc b6 bi£n E)6i (6 TifiT) 


7.1. C£c ybu c£u co ban vdri he thtfng c 6 dieu khi£n 

7.2. Cac phdn tvr co ban diroc sir dung trong mach di6u khi^n 

7.3. He thtfng di£u khien cac bb bi£n d6i phu thubc 

7.4. He thdng dieu khi£n cac bb bi£n d6i xung ap mbt chibu 

7.5. Mach khue'ch dai xung 
Cau hoi bn tap 

On tap va ki6m tra (3 ti£t) 

Phu luc 1. BAX va so d6 IT Schaffner cac thbng s6 ky thuat 

Phu luc 2. Thbng s6 ky thuat cua thyristor; MOSFHT; IGBT; 
TRANSISTOR loai Bispolar 

Phu luc 3. Thbng s 6 ky thuat cua mbt s6 loai tan nhiet chuan 
Tai lieu tham khao 


156 

158 

167 

178 

181 

188 

189 

192 

197 

200 
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Chiu track nhiem xudt ban : 

Chu tich HDQT kiem T6ng Giam d6c NGO TRAN AI 
Pho Tcing Giam d6c kifim T6ng bien tap VU DUONG THUY 


Bien tap Ian ddu : 

NGO THANH BlNH 

Bien tap tdi ban : 

TRAN TRONG TIEN 
Trinh bay bia : 

QUANG TUAN 
Sura ban in : 

THANH TU 
Che ban : 

PHONG CHE BAN (NXB GIAO DUC) 


GIAO TRINH OIEN TO CONG SUAT 


i 1 000 ban kho 16 x 24 cm. Taj XI Nghifep In, stf 5 - Tp.Ho Chi Minh So Dang ky 
HX8: 1750/CXB- 161. Trich ngang KHX8 so: 132/GPTN cap ngay 06 02. 2004. In xong 
a n6p liiu chieu thang 03 - 2004. 

Aa so : 7K 557 T4 - KHO 




international 
GOLD STAR 
FOR QUALITY 


TIM BOC GIAO TRINH DUNG CHO CAC TRUONG DAO TAO HE 
TRUNG HOC CHUYEN NGHIEP CUA NHA XUAT BAN GIAO DUC 


1. An toan dien 

2. Ky thuat dien 

3. May dien 

4. Ky thuat l^p dat dien 

5. Dien dan dung va cong nghiep 

6. Cung cap dien 

7. Do lirdng cac dai li/dng dien va khong dien 

8. Ky thuat dieu khien dong cd dien 

9. Dien ttTcong suat 

10. Linh kien dien tirva img dung 

11. Dien tur dan dung 

12. Ky thuat so 

13. KT thuat mach dien tu 

14. Cdky thuat 

15. An toan lao dong 

16. Ve kTthuat 

17. Vat lieu va cong nghe cd khi 

18. Dung sai lap ghep va ky thuat do ludng 

19. Ky thuat siia chira oto, may no 

20. Cong nghe han (If thuyet va Cfng dung) 

21. Cd sd ky thuat cat got kim loai 


NguySn Dinh Th&ng 

Dang Van Dao 

NguySn Hong Thanh 

Phan Dang Khai 

VO Van Tam 

Ngo Hong Quang 

NguySn Van Hoa 

Vu Quang Hoi 

Tran Trong Minh 

Nguyen Viet Nguyen 

Nguyen Thanh Tra, Thai Vfnh Hien 

NguySn Viet Nguyen 

Dang Van Chuyet 

D6 Sanh 

NguySn The Dat 

Tran HCtu Que 

Hoang Tung 

Ninh DOc Ton, NguySn Thj Xuan Bay 
NguySn Tat Tien, Do Xuan Kinh 
NguySn Thuc Ha 
NguySn Tien Lu&ng 


An' a> thr* n,n mm cm C0„y <y sad, - MS hi man* !«,< 
o ,Ua plmam ham cm Ora harm sad, cm, Nha ura, han rim : 

81 Tran Hang Hao, S7 Gang Vo,23 Trang Tien, 25 Han Thuyen. 

210.237 Tay San - TP. Ha .VA; IS Ngayin Chi Thanh - IP. ^ ^ ^ ^ ^ 

231 Ngayin Van Cu - Quart 5 - TP. Hit Chi Mirth. 



004042 



^9 34980»4Vl6 1 



300028 
16.700 VNO 


Gisi: 16.7()0d 


